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NOMENCLATURE 
a = Half crack length 
2a = Crack length 
B = Specimen thi ckness 
C = Spedmen compliance 
COD = Crack opening displacement 
E = Elas ti c modul us 
F ty = 0.2 per cent offset yield strength 
K = Stress intensity 
Kc = Plane stress or mi·xed mode critical stresS intensity 
K
Ic 
,; Plane strain critical stress intensity 
Ki = App 1 ied s tres s i ntens i ty 
KR = Stress intensity relating stable crack extension 
an d app lied load for a gi ven materia 1 
lIK = Stress intensity range for a fati gue cycle 
lIKo = Threshold stress intensity range for fatigue crack 
propagati on 
le = Effective total crack length 
N = Number of app lied fa ti gue cyc les 
P = Applied load 
R = Stress rati G fora fati gue cycle 
= °MIN/oMAX 
r = Resi dual 
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= D~ ffe.rence between theca lculated and measured val ues 
of the dependent vari ab le 
t = SpeCi!t1en thickness 
w = Specimen wi dth 
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z = Fi ni te width correc:ti on factor 
= sec ("a/w) 
Cl = App1i.ed stress 
Cl
n 
= Net section applied stress 
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Much of the Space Shuttle primary structure will use2024-T861 aluminum 
sheet because of its proven history in the airCraft and aerC!spaceil'ldustry, its 
inherent high strength at room. and elevated teiilpe·rat;ures, alld its resistance to 
stress Corrosioncracki,ng; The newer and higher >pl,lri t,y version of the a noy>, 2124, 
offe·rs the same basic prope.rties.plus improved$hort transverse ductility in thi ck 
p late sections. 
Fra.cture mechanics design data is of prime importance in the Fracture Control 
Plan for the Space Shuttle. In order to e.stablishdamage tolerances and to select 
proper operating stresses fOr a safe-life s'tructure. a knowledge of the fracture 
toughness and fat; gue crack growth rate val'Jes forthrough-the-thickness cracks 
under plane stress conditions is essential. Even though the2024~T861 alloy has been 
reasonably well characterized for aircraft use, additionilldata must beglenerated 
to encompass the wider operati Ilgt;emperature range. the hi gher operattngstresses, 
and other mi ss ion environments for the Shuttlevehi"le • Fracture mechanics theory. 
although considerCibly advanced from a decade ago. stin lacks the predictive 
capabi Ii ty to handI,e a wide range of thicknesses, cyclic frequency. operating 
temperatures, environments., ahdstresses and stress states relative to fracture 
toughhessanOcyclic.crack growth rates . 
Theprimlll'Y ()bjective ()f this p.rogram was to gene.rate friu=t;u·re mechanics data 
for 2024-T861 sheeta!1d 2124-T$Slplate materials . Both the fracture resistance 
and the cyclic crack growthbeha,v'i or of these Cill oyswere evaluated using a 
. 
1_1 
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variety of test variables, including specimen thickness, specimen orientation, 
test environment, initial flaw size/maximum applied stress, and restraint (thin 
gage only). Vari at; ons in frequency and stress rati 0 were also investig!lted for 
the cyclic tests. 
1-2 
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PRELIMINARY MATERIALS CHARACTERIZATION 
2.1 MATERIALS 
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The materi als for the present program were all procured against current 
McDonnell Douglas mat~rial specifications, which meet the chemistry and strength 
requirements of Federal Specification QQ-A-250 for 2024 and 2124 sheet and plate. 
Detailed information on the materials is summarized in Table 2-1. 
2.2 SPECIMEN MANUFACTURE 
The smooth tensile specimen shown in Figure 2-1 was used for determining the 
baseline me.chanical properties for each alloy Ithickness combination. The thi ckness 
ef a1l2024-T861 specimens was identical to that of the as-received sheet. The 
2124-T851 specimens were machined from the 50.8 mm (2.0 inch) thick plate to a 
thickness of 6.35 mm (0.250 inch); the thickness dimension of these spectmens was 
pa,rallel te the short transverse di recti 0;, of the plate. All specimens were 
selected so as to supply information on the mechanical properties ef each sheet or 
plate of material used; for the 2124-T851 alloy, specimens were alse sele.cted to 
moni tor any vari ati on in properties through the thickness of the plate. 
The center cracked tensile specimen shown in Fi gure 2-2 was used for both 
fracture toughness and cyclic flaw growth testing. A special tooling jig, shewn 
in Figure 2-3, was fabricated in order te ensure that the flaw and loadingheles 
were pesitiened symmetri cally wi th respect to the centerl ine ef each specimen. 
Fer the 2024·'T861 specimens, appropriate siZe. blanks were sheared from e.ach sheet 
of material and then finish-machined using the tooling jig. For the 6.35mm 
2-1 
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Table 2-1 
SUMMARY OF SUPPLIER'S INFORMATION 
2024-T861 
SUPPLIER: REYNOLDS 
APPLICABLE SPECIFICATION: 
° r~CDONNELL DOUGLAS MMS 1408 
° MILITARY QQ-A-250/4 
HEAT TREATMENT * : 
° SOLUTION TREATMENT (1 766°K (920°F), WQ 
° STRESS RELIEVED (2) COLD ROLLED 
° AGING TREATMENT 464°K (375°F)/8 HOURS 
SIZE: 
° THICKNESS (mm) 1.60 
(in) .063 
° WIDTH (cm) 122 
(i n) 48 
° LENGTH (cm) 366 
(in) 145 
QUANTITY: 7 
* As specified in Reference (2-1) 
1 HQ: \~ater quenched 
2 1.5-3.0 perc~nt deformation 
3.18 6.35 
.125 .250 
122 122 
48 48 
366 366 
144 144 
7 4 
2-2 
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2124-T851 
ALCOA 
MMS 149 
QQ-A-250/2!. 
766° K (920° F), WQ 
COLD STRETCHED 
464°K (375°F)/12 HOURS 
50.8 
2.000 
122 
48 
244 
96 
6 
-' .... ,--. . 
.--". ,-
, 
-1 
':; 
. '~~_",j,=r...,' "-_, .... ",,_,, .._. _\.,_"p.,_.-,._-.• "_ .. ~""., """T""'~-~""'FT3''''}-:~~'7'~''''''''''¥'~'~~'~"'='C''''~'<"''~'''T'~='''' "I='"""~"""'l 
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"~'I ' , ...... ~R.,AI.L .... "''''''''''' 
0.19 ; 0.8 (TYPI 
6.4 
t 
50 ± 0.1 
GAUGE 
T 
25 
I . 
9.5 + 0.05 DIA TOOLING AND 
-0.00 
LOADING HOLES (2 REQI 
-W=13 
ALL DIMENSIONS IN mm 
TENSILE SPECIMEN CONFIGURATION 
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I-298.5±.13----! 
!-149.2±.13- I 
44.45 ± .02 .t 
(14) HOLES, LOCATED AS SHOWN (i)-CD, $-(1)--11---,.. 95.25 ± .02 
19.05 DIA. ~:~~ -----+---fi~+i)· -t-® 
I 
295.3 ±.13 
I 
(1) HOLE, 3.18 DIA. ~ '.0150 --+----0.(1).-'------f.-...1- 590.6 ± .13 
I 
(1)-Le--+--~ 
I (f)- -(f)- -(f)-(f) 
1- .... 38.1 ± .02 
'--"" 69.85 ± .02 
1---'" 101.60±.02 
755.7 ±.76 
ALL DIMENSIONS IN MM 
FRACTURE TOUGHNESS/FATIGUE SPECIMEN CONFIGURATION 
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'1 , 
(0.25 inch) th i ck specimens to be tested at hi gh st ress l evel s , doub lers were 
resistance welded onto t he specimen grip areas in order to preven t bea ri ng and 
tens il e fai lures in the reg i ons surrou nd'ng t he loadi ng hol es . 
The 2124 -T85 1 speci mens ~Iere machined by f irs t s a~Jing each 50 .8 mm (2.00 inch) 
t hick pl ate i nto blocks hav i ng tile required speci men l ength and width di mensions . 
2- 5 
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These blocks were then sliced perpendicular to the short transverse direction of 
the plate using a band saw equinped with a carbide-tipped blade. As many as four 
specimens could be sliced from one 50.8 mm (2.00 inch) thick block; therefore, 
in order to maintain the surface of each specimen parallel to that of the original 
plate, the cut surface of each sliced block was milled parallel to the unsawed 
surface before another slice was made. A Hydrote1 high-speed milling machine 
equipped with a f1ycutter (Figure 2-4) was used for this phase of machining; 
a special vacuum fixture was fabricated to hold and prevent flexing of the speci-
men block during this milling operation. For the 2124-T851 specimens to be tested 
at high stress levels, the thickness of the grip area was increased as necessary to 
prevent failure through the loading holes. 
2.3 PRELIMINARY MATERIAL CHARACTERIZATION 
In order to establish the baseline mechanical properties of each alloy/thick-
ness combination, a total of 72 tensile tests were performed according to the 
schedule given in Table 2-2. All tests were performed in accordance with 
ASTM E8-69, Standard Methods of Tension Testing Metallic Materials. These tests 
were conducted on a Satec universal testing machine having a capacity of 133,000 N 
(30 kips). Prior to testing, each specimen was fitted with an ASTM Class B-1 
extensometer. When necessary, a Conrad-Missimer environmental chamber was used 
to achieve the required temperatures. This chamber is a circulating air oven, with 
~l'ovisions that also permit the introduction of coolant (e.g., liquid nitrogen) 
and the attachment of the specimen to the loading train of the testing machine. 
For these tests, temperature was controlled to an accuracy of ±.2.8°K (±.5°F) by 
taping a thermocouple to the specimen gage length. Once the desired test tempera-
ture was acheived, each specimen was held at this temperature under zero load for 
10 minutes to achieve thermal equilibrium. During testing, a strain rate of .005 
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Table 2-2 
TENSILE TEST MATRIX 
2024-T861 2124-T851 
TEST DIRECTIONS * L, T L, T 
THICKNESSES, mm 1.60, 3.18, 6.35 6.35 
in 0.063, 0.125, 0.250 0.250 
TEST TEMPERATURES, oK 144, 298, 450 144, 298, 450 
of 
-200, 70, 350 -200, 70, 350 
TOTAL NUMBER OF SPECIMENS 54 18 
*L: Longitudinal direction; load applied parallel to rolling direction of 
sheet or plate 
T: Transverse direction; load applied perpendicular to a rolling c:+.rection 
of sheet or plate 
mm/mm per minute was used until the 0.2% yield stress was achieved, at which point 
the extensometer was removed and the strain rate increased to 0.050 mm/mm per 
minute. The results of this testing are given in Appendix A, and summarized in 
the curves of Figures 2-5 to 2-S. 
Examination of the test results in Appendix A indicates that the'degree of 
scatter in the elastic modulus values are much larger for the low and elevated 
temperatllrn tests ttan for the 100111 tempel'aturt! test!;. B<cau!l an accurate value 
of this parameter was essential for the analysis of the fractul'e toughness test 
results, an independent measure of this property was obtained by instrumenting 
two 2024-TS61 specimens with strain gages. Longitudinal and transverse SR-4 gages 
2-8 
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AVERAGE MECHANICAL PROPERTIES OF AS-RECEIVED 2024-T86l ALUMINUM ALLOY SHEET 
SHEET THICKNESS TEST TEMP. TEST Fty Ftu ~lODULUS* ELONGATION, % 
mm in OK of DIRECTIO" MPa ksi HPa ksi lO3MPa 106D51 {5.08cm GAGE LENGTH} 
1.60 .063 144 -200 L 549.3 79.7 581.5 84.3 6.0 
298 + 70 L 497.8 72.2 518.5 75.2 6.3 
450 +350 L 385.0 55.8 391.9 56.8 12.0 
1.60 .063 144 -200 T 543.0 78.8 582.6 84.5 6.0 
298 + 70 T 484.4 71.7 522.6 75.8 6.3 
450 +350 T 393.0 57.0 402.2 58,3 • 12.0 
3.18 . 125 144 -200 L 560,B 81.3 597.6 86.7 78.53 10.7 7.0 
298 + 70 L 496.4 72.0 522.6 75.B 71.02 10.1 7.8 
450 +350 L 391.3 56.B 397.6 57.7 58.54 9.8 12.0 
3.18 .125 144 -200 T 563.1 81.7 596.4 86.5 6.0 
29B + 70 T 49B.5 72.3 528.8 76.7 7.5 
450 +350 T 396.5 57.5 403.4 58.5 12.0 
6.35 .250 144 -200 L 579.2 84.0 586.1 85.0 7.0 
290 + 70 L 510.2 74.0 517.1 is.O 6.8 
450 +350 L 3B6.1 56.0 396.5 57.5 12.0 
6.35 .250 144 -200 T 546.5 79.3 574.6 B3.3 6.0 
298 + 70 T 497.8 72.2 517.1 75.0 6.3 
450 +350 T 397.8 57.7 409.1 59.3 12.0 
* MODULUS VALUES OBTAINEO FROM STRAIN-GAGED SPECIMENS 
were mounted on both sides of the specimens and appropriately wired to eliminate 
bendi ng effects. Each specimen was elasti ca 11y loaded and un1oad!ld several times 
in order to produce sets of load/strain data at 144, 294 and 4500 K (-200, 70, 350°F). 
A le&b. squares regression analysis was performed on each data set to yield an 
average value of elastic modulus. These average modulus values and the average 
values for the other mechanical properties listed in Appendix A are summarized in 
Tables 2-3 and 2-4. 
Besides measuring the mechanical properties, the as-received materiah were 
further characterized using spectrographic and metallographic techniques. A set 
of coupons representing each alloy/thickness combination was chemically analyzed 
using the spectrographic procedures set forth in ASTM-E-10l-67. The results of 
" 
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AVERAGE MECHANICAL PROPERTIES OF AS-RECEIVED 2124-T851 ALUMINUM ALLOY PLATE 
TEST SPECIMEN Fty Ftu ELONGATION, % 
TEMPERATURE ORIENTATION MPa ksi MPa ksi (5.08 em GAGE LENGTH) 
oK of 
144 -200 L 534.4 77.5 571.1 82.8 8.0 
294 + 70 L 479.2 69.5 506.8 13.5 9.3 
450 +350 L 362.0 52.5 377.2 54.7 16.0 
144 -200 T 506.8 , 73.5 556.2 80.7 8.0 
294 + 70 T 465.4 67.5 497.8 72.2 9.5 
450 +350 T 362.0 52.5 368.9 53.5 14.0 
this analysis are presented in Table 2-5, together with the chemistry requirements 
of the applicable specifications. Examination of this table indicates that the 
chemistry of the alloys used in this program were ~Iithin specifications. 
A second set of coupons was examined meta11ographica11y; the results are 
shown in Figures 2-9 through 2-12. These photomicrographs all show the elongated 
grains that are typical of wrought products. The structures consist of an aged 
aluminum solid solution matrix with insoluble particles of Al-Cu-Fe-Mn inter-
meta 11 i c compounds. Compari son of the three photomi crographs of the 2024-T861 
a 11 oy {Fi gures 2-9, 2-10 and 2-11} shows that sheet thickness has 1 i ttl e effect 
on microstructure. However, the structure of the 2124-T851 plate {Figure 2-11} 
shows that the volume fraction, average size, and distribution of the particles of 
intermetall i c compounds have si gnifi cantly decreased. Thi s decrease can be 
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QQA-250/4 AS-RECEIVED THICKNESS QQ-A-250/2. 50.:~(~~b'i~CH) 
ELEMENT JiJECtFICATION d6;UI~H) (.12;·I~H) (.~5g'I~H) SPECIFICATION THICK 
Cu 3.B - 4.9 4.67 4.40 4.70 3.B - 4.9 4.43 
N9 1.2 - 1.8 1. 31 1.25 1.36 1.2 - 1.8 1.21 
"" 
0.3 - D •• 0.53 0.58 0.63 0.3 - D •• 0.48 
Fe o - 0,5 0.23 0.24 0.24 o - 0.3 0.12 
Zl! o - 0.25 0.20 0.13 0.12 0.- 0.25 <0.03 
51 o - 0.50 0.20 0.1. 0.1. o - 0.20 0.15 
T1 
-
0.032 0.036 0.035 ~ - 0.15 0.023 
Cr o - 0.10 0.016 0.016 <.01 o - 0.10 <.002 
attributed to the cleaner chemistry of the 2124 alloy, as indicated in Table 2-5. 
The slightly lower strength and higher ductility of the 2124 alloy is related to 
its cleaner chemistry, as well as the thermo-mechanical processing differences 
between the T851 and the T861 conditions. 
2.4 REFERENCES 
2-1. Alcoa Aluminum Handbook, Aluminum Company of America, 1967. 
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The specimen thicknesses selected for testing under this program were not 
thick enough to produce plane strain conditions over all expected stress ranges. 
As a result, stable flaw growth with significant plastic deformation at the crack 
tip was expected to occur prior to the onset of crack instability. Under plane 
strain conditions, little or no stable flaw growth occurs prior to instability 
because of the severe constrair.t imposed by the tritensile stress state at the 
crack tip; ASTM E-399-74 (Refert:nce 3-1) defines the critical stress intensity, 
KIc ' as the load at which two per cent crack extension occurs. Under such 
constraint, the size of the crack-tip plastic region is small compared with the 
crack size and the specimen dimensions. Because conditinns of plane stress were 
expected to occur for all tests, the stress intensity at crack instability could 
not be defined using the procedure specified in Reference 3-1. The most informative 
method available for presenting plane stress fracture data is the crack growth 
~·esistance curve. These R-curves, plotted as stress intensity vs. crack extension, 
yield quantitative information as to the amount of slow stable crack growth that 
precedes fracture for a given material. Moreover, they can be used to define the 
plane stress critical stress intensity, Kc' for any structural confi~uration for 
which the interrelationship of stress intensity, applied load, and flaw size is 
known. 
3.1 COMPLIANCE CALIBRATION 
In order to produce crack growth resistance curves, the crack length must be 
monitored throughout each test. The primary method used in this program to obtain 
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this information is similar to that described in Reference 3-1, in which a double 
beam displacement gage monitors the relative displacement of two positions spanning 
the crack. For the fracture toughness tests conducted under this program, the 
double beam displacement gage described in Reference 3-1 was inserted between two 
knife edges attached to the specimen as shown in Figure 3-1. These knife edges 
were fabricated with probes on one side that had semicircular tips that fit the 
3.18 mm (0.125 inch) diameter hole drilled at the center of the specimen. 
Prior to the initiation of fracture toughness testing, the relationship 
between crack opening displacement, applied load and crack length had to be 
established for the particular specimen geometry and displacement gage position 
adopted for the testing. This relationship was established by conducting a series 
of elastic calibration tests for various combinations of crack opening displacement, 
applied load and crack length; The effect of specimen thickness and temperature was 
also investigated. 
These calibration tests were performed in a manner similar to that described in 
Reference 3-2, in which measurements were made of the specimen compliance (i.e., the 
amount of displacement per unit of applied load) at successively longer crack 
lengths. For these calibration tests, narrow sawcuts were used to simulate fatigue 
cracks; crack lengths varied from 1.27 cm (0.500 inch) to 20.3 cm (8.0 inches). 
At each crack length, the specimen was incrementally loaded to sonle maximum stat~c 
load which was calculated to produce a predetermined value of stress intensity, 
Kmax' At each load level, the crack-opening-d i sp1acement (COD) of the 3.18 mm 
(0.125 inch) diameter hole at the center of the sawcut was measured with the 
displacement gage. The specimen compliancE:, (COD)/P, at each crack length was 
calculated by performing a least squares analysis on the data pairs. 
Initial calibration tests were conducted using two 6.35 mm (0.250 inch) and 
one 1.60 mm (0.063 inch) thick 2024-T861 specimens and a maximum stress intensity 
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of 13.1 MPa 1m(l2 ksi Ifii":l,a value approximately half the KIc value (References 
3-3 to 3-6). In order to maintain this value as crack size increased, the maximum 
static load was decreased. The following equation was used to relate stress 
intensity, full section stress and crack 1ength: 
K = Cf ,.r,rar (3-l) 
where a = full section stress 
a = half crack length 
Z = finite width correction factor 
= sec (lIa/w) 
The compliance/crack length data obtained from these three specimens were 
normalized to account for differences in'thickness and specimen width. Inspection 
of this normalized data indicated an unacceptably high degree of scatter. Analysis 
, of the experimental technique showed that the scatter could be attributed to the 
condition of the test specimens and the loads used in calibration. Inspection of 
several as-machined specimens of 2024-T861 sheet of various thicknesses showed the 
flatness to be within 0.2 per cent, measured over a 75.57 cm (29.75 inch) contact 
length. Although this curvature is well within AMS specifications for aluminum 
sheet (i.e., AMS 2202J), inconsistent compliance readings were obtained because the 
uniaxial tensile loads used during this initial phase of compliance testing were not 
great enough to fully eliminate the curvature. This sensitivity of specimen 
compliance to applied load is well portrayed in the load/deflection data of 
Figure 3-2. This data was obtained on a 6.34 mm (0.250 inch) thick 2024-T851 speci-
men that contained a 20.3 cm (8.0 inch) long sawcut. For loads up to 44,500 N 
(10 kips), the specimen compliance (ACOD/AP) is 4.344 mm/MN (0.7586 x 10-6 in./1b.); 
for loads up to 80,100 N (18 kips), this value increases approximately four percent 
to 4.513 mm/MN (0.7 x 10-6 in./1b.). This higher load corresponds to a stress 
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intensity of approximately 22.0 MPa lID (20 ksi 1lO7), or approximately BO percent 
of the average KIc value used previously
. 
In order to produce more consistent compliance calibration curves, four 
addi tiona1 specimens were cal ibrated using' a maximum stress intensity of 
22.0 MPa Ill! (20 ksi 11n:l. The specimens used for these tests were a 2124-TB51 
specimen with a thickness of 11.4 mm (0.450 inch) and three 2024-TB61 specimens 
with thicknesses of 1.60, 3.1B and 6.35 mm (0.063, 0.125 and 0'.250 inch). The 
6.35 mm (0.250 inch) thick 2024-TB61 specimen was calibrated at 144, 294 and 450
0 K 
(-200, 70 and 350°F) by cooling or heating the specimen to the desired temperature 
for each crack length investigated. The low and elevated temperatures were obtained
 
using the procedures described in Section 3.2.2. Because buckling effects were 
expected to influence the compliance readings, the two thinnest gage 2024-TB61 
specimens were calibrated both with and without Teflon-coated stiffener plates 
clamped across the specimen wi dth above and below the crack. For the 3.1B mm 
t\' ~l (0.125 inch) thi ck specimen, comp li ance data was obtained over the same range of 
!;1 
~,',', •• ,1",: crack lengths for both the stiffened and unstiffened conditions. However. for the 
f 1.60 mm (0.063 inch) thick specimen, compliance data in the unstiffened condition 
fi could only be obtained for crack lengths less than half of the specimen width. 
t' Crack lengths larger than this value caused such large out-of-plane defle
ctions 
(1 that the compliance gage could no longer be supported on the knife edges attached , " f{ -,,'~ 
<' 
,J 
rj to the specimen. When stiffener plates were used, compliance data was obtained .~ '1 
~' over the full range of crack lengths investigated. ;'i , ~ For the compliance tests performed at higher stress intensities, load/COD data ~1'J 
r1 was obtained for K values between 0 and 22 MPa rm (0-20 ksi 1fii:1; however, only ~~ ,I 
I; 
~ curvature at the lower loads. The elastic compliance data obtained from these
 ~~ 
t: ",
 l 
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calibration tests, including the actual load/displacement data, is repol"ted in 
Appendix B. 
The elastic compliance data shown in Appendix B was compared to a mathematical 
model of the center cracked tension speci'men. Since crack-opening-displacement 
(COD) measurements were made at either end of a 3.iB mm (0.125 inch) diameter hole 
drilled at the center of the crack in each specimen, the experimentally measured 
compliance values could be compared directly w'tnchose predicted by the equation 
presented below, as taken from Reference 3-7. The vertical deflection (Vo) along 
the positive y-axis in Figure 3-3 under an elastic load can be described by the 
equation: v =~ 
o E 
where a = half crack 1 ength 
a = applied stress 
= P/(tw) 
P = applied load 
t = specimen thickness 
w = specimen width 
E = modulus 
(3-2) 
Because of symmetry, the COO measured across a 3.1B mm (0.125 inch) diameter hole is 
(COD) = 2 V = 4a a 
o E (3-3) 
Since compliance is defined as the amount of deflection per unit applied load, the 
elastic compliance of the specimen across the hOle is 
2 V C = __ 0 = 4a 
P twE (3-4) 
Equation (3-4) predicts the elastic compliance of a center cracked tensile specimen 
having a flaw length that is sma 11 compared to the specimen wi dth. For larger fl aws, 
finite width effects can be accounted for by employing a finite width correction factor; 
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~~. L 
W = specimen width 
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the secant function described in Reference 3-8 has been shown to accurately account 
for such effects. Incorporating this term, equation (3-4) can be rewritten dS: 
4a C = -' Z twE 
where Z = finite width correction factor 
= sec (1Ta/w) 
(3-5) 
Equation (3-5) was used to predict the compliance data of Appendix B for each 
flaw size/temperature/thickness combination investigated. The results of this 
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o 2.0 4.0 n.o R.O 10.n 12.0 14.0 1n.n 18.0 20.0 
Measured Compliance, mm/kN 
FIGURE 3-4 
CALCULATED VS MEASURED COMPLIANCE VALUES FOR STIFFENED THIN GAGE SPECIMENS (Equation 3-5 used to obtain calculated values) 
analysis, shown in Figure 3-4, indicate excellent agreement between calculated 
and measured compliance values for all data where buckling effects were suppressed. 
A regression analysis was performed on the complianc2 '.!ata of Appendix Busing 
equation (3-5); a correlation coefficient of 0.993 and a standard error of esti~ate 
of 0.072 was obtained. 
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CALCULATED VS ~EASURED COMPLIANCE VALUES FOR UNSTIFFENED THIN GAGE SPECIMENS 
Attempts were made to use equation (3-5) to predict the compliance of speci-
mens when buckling was allowed to occur. The results, shown in Figure 3-5, 
indicate that, at the higher values, the elastic compliance calculated using 
equation (3-5) does not agree well with that measured from the slope of the 
appropriate load/COD data in Appendix B. Such results are expected, since out-of-
plane deflections essentially reduce the vertical in-plane displacement component 
at the edges of the crack. It is known (Reference 3-9) that such out-of-plane 
def"lections increase with both crack size and applied load. As a result, larger 
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than actual flaw sizes would be predicted using equation (3-5). Since no mathe-
matical model has yet been developed to accurately relate flaw size to crack 
opening displacement when buckling occurs, it was concluded that the displacement 
gage technique is not applicable to unstiffened toughness tests. 
Although equation (3-5) can be used to interpret the load/COD data obtained 
from the toughness tests where buckling does not occur, its use would introduce 
some error into the prediction of crack length, since it is valid only for elastic 
loading conditions. At high loads, significant plastic deformation is likely to 
occur ahead of the crack tip, thus making some contribution to the crack opening 
displa,cement measurement. If such contributions are ignored, a larger crack 
length than actually exists will be predicted by equation (3-5), and any fracture 
toughness parameter based on this flaw size will be unrealistically high. Since 
the data generated under this program is to be used for fracture control analyses, 
such predictions might result in inaccurate predictions of component life as well 
as optimistic standards for nondestructive inspection. As a result, another 
relationship was investigated that takes into account the size of the plastic 
zone ahead of the crack tip. This equation, developed by Forman (Reference 3-10), 
is based on the Dugdale model (Figure 3-3) for a crack in tension under plane 
stress with a yield zone at the crack tip. The vertical deflection along the 
positive y-axis for this case is predicted to be: 
where 
v - cr a 
o - E (2a) 
a = ~ 2 
ln [s~n 
S1 n 
FTY = yield strength 
This equation can be simplified to: 
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(3-8) 
The use of equation (3-8) is strictly limited to materials which undergo no strain 
hardening. However, the use 'of this equation was considered appropriate because 
the strain harder.ing exhibited by the alloys evaluated was small; i.e., the ratio 
'of yield to ultimOlte strength varied from .91 to .98. 
To d~termine the accuracy of eq'Jation (3-8), several fracture toughness speci-
mens wei"!! loaded., unloaded and reloaded prior to failure in an attempt to separate 
plasticity effect.s from actual crack'extension. Initial attempts at applying 
equati on (3-8) to these load/COD curves ,resul ted in crack 1 engtl1 predi cti ons whi ch 
significantly underestimated the actual values at the point of unloading. A pro-
cedure similar to that outlined in Reference 3-11 was used in which equation (3-5) 
is first used to compute the initial flaw size from the elastic portion of the 
load/COD curve. These values and the actuai values obtained from measurements of 
the fracture surface are compared and any differences added or subtracted from 
subsequent determinations of flaw size made using the load/COD curve and equa-
tion (3-8). Frequently, this adjustment was of the same order of magnitude as the 
amount of actual flaw extension. 
Analysis of this procedure indicated that the conservative results obtained 
using this pl'ocedure 'liere primarily caused by a difficulty in determining the 
actual origin of each load/COD curve. Due to such effects as crack closure forces, 
slack in the loading train, and specimen warpage, the first few thousand pounds 
of applied load usually produced a load/toD curve which was nonlinear, even though 
the applied load was fully elastic. This nonlinearity near the origin makes it 
extremely difficult to make accurate crack length predictions using equation (3-8), 
This equation is especiaily sensitive to the position of the origin of the load/COD 
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curve, since actual load/COD coordinate~. are required for computation of flaw size. 
Such is not the case for equation (3-6), which requires oilly that the slope of the 
load/COD curve be established. 
To circumvent these problems, a procedure was developed that involved using 
equation (3-5) to plot an "ideal" load/COD curve for each specimen based on the 
initial flaw size measurement obtained from the fracture surface. This curve was 
plotted on transparent paper using the same scale factors as the experimental 
load/COD curve; it was then superimposed on the experimental curve and adjusted 
until a tangency condition was obtained. The intersection of the "ideal" curve 
with the COD axis at zero load was then defined as the true origin for the experi-
mental curve. 
Using this procedure, crack length predictions based on equation (3-8) were 
made for the specimens which had been loaded and reloaded. The results, shown 
in Table 3-1 and plotted in Figure 3-6, indicate that more accurate crack length 
predictions can be made when plasticity effects are taken into account (i.e., by 
equation (3-8» than if such effects are ignored, as in equation (3-5). These 
results are Significant since all specimens analyzed were stressed to loads of more 
than 80 per cent of the subsequent failure load prior to unloacling. 
3.2 TEST PROCEDURE 
A total of 126 fracture toughness tests were conducted during this phase of 
the program. A detailed test matrix for each alloy is presented in Table 3-2. 
3.2.1 Specimen Preparation 
As shown in Table 3-2, three specimens were tested for each alloy/thickness/ 
temperature/orientation combination. A different initial flaw size was introduced 
into each one of these three specimens in order to cause the largest possible 
spread in full section failure stresses. !n Gl"der to more easily ascertain the 
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INiTIAL FLAW 
CRACK LENGTH AT UNLOADING CRACK EXTENSION, fia 
THICKNESS SIZE, .~ ACTUAL 1 OUGOALE2 ELASTlC3 ACTUAL1 OUGOALE2 ELASTlC3 
SPECIMEN 
"" 
ln om n nm ln nm in nm ln nm in nm in nm ln 
63-2L3 1.64 .0647 12.6B 0.499 15.16 0.597 14:35 .565 15.67 .617 2.49 .09B 1.68 .066 3.00 .I1B 
63-6T5 1.64 .0647 31.B3 1.253 35.56 1.400 35.92 1.414 39.80 1.567 3.76 .148 4.11 .162 7.98 .314 
125-Gn 3.26 .1282 12.95 0.510 13.74 0.541 12.95 '0.510 13.21 0.520 0.79 .031 0.00 .000 0.2B .011 
125-2Lll 3.23 .1273 32.64 1.2B5 35.36 1.392 35.92 1.414 40.87 1.609 2.72 .107 3.2B .129 B.23 .324 
125-3T9 3.21 .1265 35.05 1.380 41.53 1.635 42.93 1. 690 47.19 1.858 6.50 .256 7.87 .310 12.17 .479 
125-314 . 3.26 .12B2 48.1B I.B97 51.B7 2.042 51.54 2.029 54.13 2.131 3.68 .145 3.3B .133 5.94 .234 
1L2-2S6-3 6.40 .2520 28.09 1.106 15.BB 0.625 15.540.612 17.30 0.6Bl I.B3 .072 1.50 .059 3.25 .12B 
3TB-259-3 6.36 .2503 6.15 0.242 15.BO 0.622 13.77 0.542 16.66 0.656 9.65 .380 7.65 .301 10.52 .414 
5LI-453-1 11.43 .4500 44.17 1. 739 4B.54 1.911 46.Bl I.B43 4B.29 1.901 4.39 .173 2.64 .104 4.14 .163 
1. Determined from the slope of the unloading curve 
2. Determined using the Dugdale model (Equation 3-6) and coordinates at point of unloading. 
3. -Determined using the elastic model {Equation 3-5)'ano coordinates at point of unloading. 
60.0 
0 Elastic Model (Equation 3-5) 
t:. Dugdale Model (Equation 3-8) 
50.0 
0 
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FIGURE 3-6 
PREDICTED VS ACTUAL CRACK LENGTH FOR SPECIMENS LOADED AND RELOADED 
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Table 3-2 
TEST MATRIX FOR FRACTURE TOUGHNESS TESTING 
ALLOY 2024-T861 2024-T861 
CONSTRA I NT 1 STIFFENED UNSTIFFENED 
TEST DIRECTION 2 L L 
T T 
THICKNESS 1.60 nun (.063 INCH) 1.60 mm (.063 INCH) 
3.18 nun (.125 INCH) 3.18 nun (.125 INCH) 
6.35 nun (.250 INCH) 
TEMPERATURE/ENVIRONMENT 144°K (-2000 F)/N2 144°K (-200°F)/i'2 
29BoK (70°F)/LAB AIR 298°K (70°F)/LAB AIR 
4500 K (350°F)/LAB AIR 4500 K (Z50"F)/LAB AIR 
INITIAL FLAW SIZE 3 SMALL SMALL 
MEOIUM MEDIUM 
LARGE LARGE 
TOTAL SPECIMENS 36 54 
----------
Stiffened: Teflon-coated guide plates used to restrain buckling. 
Unstiffened: No guide plates used. 
L: Longitudinal 
T: Transverse 
'X' 
2124-T851 
UNSTIFFENED 
L 
T 
6.35 nun (.250 INCH) 
12.70 mm (0.50 INCH) 
144°K (-2000 F)/N2 
29BoK (70°F)/LAB AIR 
450 0 K (350~F)/LA8 AIR 
SMALL 
MED,IUM 
LARGE 
36 
3 Initial f1a~1 sizes selected to caus r the largest possible spread in full section failure loads. 
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effects of panel buckling, each stiffened and unstiffened test was conducted using 
companion specimens which contained identical initial flaw sizes. 
Prior to fracture toughness testing, a sharp central notch was cut in each 
specimen using a 0.25 mm (0.010 inch) thick saw blade. In order to allow room for 
fatigue precracking, this notch was cut to a length approximately 12.7 mm (0.5 inch) 
less than the desired final flaw size and was of equal length on both sides of the 
3.1B mm (0.125 inch) diameter starter hole. The flaw was then extended to the 
desired final length using axial fatigue at frequencies of 5 to 10 Hz and at loads 
that corresponded to approximately 50 percent of the estimated failure load. All 
fatigue precracking was performed using a Model B10.04A MTS system having a capacity 
of 0.45 MN (100,000 pounds). 
3.2.2 Attainment of Environmental Conditions 
To obtain the 144°K (-200°F) test temperature, a special environmental chamber 
was clamped about the central 45.7 cm (lB inches) of the specimen gage length; 
attaching the chamber so far away from the central crack permitted the thinner gage 
specimens to buckle when no stiffener plates were used. This chamber was con-
structed from two appropriately sized aluminum electrical chassis boxes that were 
lined with styrofoam insulation. Each chamber half contained a 20.3 cm (B inch) 
diameter viewing port of thermopane glass. To cool the specimen to 144°K (-200°F), 
liquid nitrogen was introduced into the chamber; the amount introduced was 
controlled by a thermocouple taped to the specimen near the crack. This thermo-
couple was connected to a temperature controller, which was also connected to a 
solenoid valve that regulated the LN2 flow. Using this procedure, chamber 
temperature was maintained within ~2.BoK (~5°F) of the desired 144°K (-200°F) 
tempera ture. 
This environmental chamber was also used in an attempt to obtain the 4500 K 
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(350°F) environment; a hot air heat exchanger connected to the chamber served as 
the heat source. However, the desired 4500 K (350°F) temperature could not be 
obtained using this technique. An alternate method was developed that employed 
quartz heating lamps positioned on one side of the specimen. To prevent heat loss, 
the opposite side of the specimen was covered with insulating material; a narrow 
slit in this material allf')·.ed attachment of the compliance gage and viewing of the 
crack throughout the test. Thermocouples taped to both sides ,)f the specimen 
indicated a temperature differential of no more than 2.soK (5°F) using this technique. 
3.2.3 Fracture Toughness Testing 
Two types of universal testing machines were used for the fracture toughness 
tests conducted under this program. When failure was expected to occur at loads 
below 445 kN (100,000 lbs), the MTS universal test system shown in Figure 3-7 was 
used. This closed-loop, servo-controlled test system was operated in the load-
control mode and programmed for ramp loading; load output was monitored by a 
load cell positioned in the loading train. For specimens expected to fail at 
higher loads, a Baldwin universal testing machine with a capaclty of 1.S MN 
(400,000 lb) was used, as shown in Figure 3-8. In order to produce the required 
load signal during the test, this machine was modified by connecting the core of 
a linear position transducer (LVDT) to the dial indicator drive. The LVDT was 
then adjusted to produce a 10 volt output signal for a full-scale deflection of 
the testing machine's dial indicator. 
Specimen testing was accomplished using a set of match-drilled grips,. These 
grips were bolted to the ends of the specimen and connected to the aporopri ate 
testing machine using 63.5 mm (2.5 inch) diameter loading pins. After each 
specimen was installed in the test machine, a doubl e-beam di spl JCt'ment qage was 
mounted on the knife edges previously attached to the specimen; the disolacement 
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FIGURE 3-8 
BALDWIN UNIVERSAL TESTING MACHINE USED FOR FRACTURE TOUGHNESS TESTING 
gage and the attachment techniques emp loyed were identical to those used for 
soecimen compliance calibration, as described in Section 3.1. For those tests 
which required buckling effects to be suppressed, Teflon coated st iffner plates 
were clamped across the spec imen width, above and belO\y the flaw. For those tests 
not conducted at room temperature, the ne cessary environmenta l control equipment 
was mounted on or near the specimen and the required temperature obtained. For 
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these tests, no load was applied for a period of 10 minutes in order to insure 
that thermal equilibrium was achieved. During testing, the load signal from the 
testing machine was connected' to the V-channel of an X-V recorder; the displacement 
output from the displacement gage was connected to the X-channel. To cOl1'!Iensate 
for the variation in the thickness of the specimens, the loading rate was adjusted 
to provide a constantly increasing stress rate of 96.5 MPa/minute (14 ksi/minute). 
In mo:t cases the load/COD curves obtained from these tests supplied all the 
information necessary to completely characterize the flaw growth and fracture 
process for each specimen. However, such load/COD data has been shown to be 
inadequate (Section 3.1) for tests of thin gage specimens where buckling was 
permitted. As a result, each of these tests was recorded on 16 mm motion picture 
film. Several techniques were used in an attempt to obtain a single film that would 
show both load and crack length throughout the test. The technique finally adopted 
was similar to that described in Reference 3-12 in which two cameras were employed -
one to photograph the specimen and the other to photograph the X-V recorder. 
Synchronized stop watches, placed in the field of view of each camera, enabled a 
correlation to be made between crack length and applied load to obtain stress 
intensity values. Repeated pl'actice trials indicated that the stop watches couid 
be synchron i zed to an accuracy of +0.1 seco: Jd .. 
3.3 TEST RESULTS 
3.3.1 The Crack Growth Resistance Concept 
Under plane stress conditions, no singular value of critical stress intensity, 
K
c
' can be defined for all structural configurations; the amount of stable crack 
growth that occurs prior to failure is dependent not only upon the response of the 
material to the presence of a sharp crack under load, but also upon the geometry 
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of the structure that contains the flaw. For any given configuration, the point 
of instability is unique and can be defined as that value of stress intensity where 
the applied stress intensity, Ki' balances the response of the material, KR, 
to such crack growth. The Kc value for other structural configurations, however, 
is not necessarily identical, primarily because the relationship between stress 
intensity, applied load, and crack length is dependent on structure geometry. 
For the center cracked tension specimen used in this program, the crack driving 
force for crack extension is described by equation (3-1); this equation defines a 
family of stress intensity/crack length curves for various values of applied load. If 
the crack growtil resistance characteristics of the material are known (KR), the point 
of instability, Kc ' for this configuration occurs when the stress intensity factor 
at the crack tip, Ki' begins to increase more rapidly than KR; i.e., when (::i) = ( ::R) 
a=cr cr=a C C 
(3-9) 
This condition, illustrated schematically in Figure 3-9, represents the point of 
tangency between the KR curve and the unique Kj curvp defined by 
(3-10) 
3.3.2 Data Reduction 
In order to establish the KR curve for all test conditions investigated, the 
load/COD data obtained from each fracture toughness test was converted into stress 
intens'ity/f1aw size data using equations (3-1) and (3-6). The data was then 
plotted as stress intensity versus crack extension to develop fracture resistance 
curves for each a 11 oy /thi ckness/temperature/ori entati on combi nati on. These curves, 
together with the tabulated data, are collected in Appendix C; the room temperature 
KR curves for both alloys in the .10ngitudinal test direction are shown in Figure 3-10. 
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For tests of se'Jeral of the high temperature specimens, so much crack exten-
sion occurred prior to failure that the net section stress exceeded 90 per cent 
of the 0.2 per cent offset yield stren]th. For these tests, stress intensity data 
is reported only for those fla~1 sizes where the net section stress is less than 
0.9 Fty ' Such net section yielding during high temperature testing is an indica-
tion that the specimen width used was insufficient to promote conditions of crack 
instabi 1 ity. 
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3.3.3 Data Analysis 
The technique described in Section 3.3.1 was used to obtain critical stress 
intensity (Kc) values from each fracture toughness test; this data is listed in 
Tables 3-3 and 3-4. These values represent those which satisfy the tangency con-
dit'ion described by equation (3-9) for each test condition. To obtain this data, 
the stress intensity/crack length test data was plotted as (K) versus (,faJ. Such 
a procedure was used because equation (3-1) becomes linear, thus allowing the 
tangency condition between it and the test data to be more easily established. 
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FRACTURE TOUGHNESS (Kc>' VALUES FOR 2024- j':<61 * 
THICKNESS TEMPERATURE TEST 
ALLOY mm in K F DIk£CTION MPaVrn 
2124-T851 6.35 .250 144 -200 L 94.6 
86.0 
87.3 
AVG: 89.3 
T 76.4 
58.3 
56.7 
AVG, 63.1 
294 70 L 100.0 
84.6 
77.4 
AVG, 87.2 
T 54.7 
52.9 
58.9 
AVG: 55.5 
11.45 .450 144 -200 L 114.6 
78.3, 
AVG: 96.5 
T 47.7 
43.9 
41. 9 
AVG: 44.5 
294 70 L 88.1 
70.1 
AVG: 79.1 
T 51. 9 
45.4 
36.1 
AVG: 44.5 
* Ft'om Append i x C. 
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53.6 
50.5 
104.3 
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FRACTURE TOUGHNESS (Kc) VALUES FOR 2124-T851 
THICKNESS TEHPERATURE 
AllOY ~ 
" 
Ii F 
2024~T861 1.60 .063 
'" 
-200 
294 70 
]. IS .125 144 -200 
294 70 
6.35 .250 !', -200 
294 70 
45U 350 
* From Appendix C. 
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DI~~E{ION HPa~c 
L 61.4 
55.4 
58.4 
AVG: 58.4 
T 44.1 
50.3 
AVG: 60.9 
L 6\.0 
56.7 
65.0 
AVG: 60.9 
T 56.1 
52.6 
49.7 
AVG: 52.11 
L 51.9 
56.1 
M 
AVG; 5].0 
T 3B.3 
36.0 
3J.,l 
AVG: 37.5 
L 68.3 
58.1 
55.5 
5.!h.§. 
AVG: 60.1 
T 46.4 
43.8 
4hl 
A'/G: 44.6 
, 3S.1 
36.9 
~.d 
AVG: 36. S 
1 )0.7 
28.3 
~.?' 1 
AVG: 30.4 
L 41.6 
42.1 
4,5,._4 
AVG: 43.7 
! 32.5 
32.9 
J}.7 
AVG: 33.7 
L 95.9 
96,4 
H2·P 
AVG: 93.8 
1 68.3 
75.7 
67:_9 
A'/G: 10.6 
kslvTil 
55.9 
50.4 
53.2 
53.2 
40.2 
45.8 
55.4 
55.5 
5\.6 
59.2 
55.4 I 
51.1 
47.S 
45.2. 
4B.O 
47.2 
51.1 
~ 
48.2 
34.8 
32.8 
]!2 
34.-0 
62.1 
52.9 
50.5 
~3.3 
54.7 
42.3 
39.9 
]9.8 
40.7 
32.0 
35.~ 
R·l 
D.2 
2B.O 
25.7 
29.~ 
27.7 
39.7 
38.4 
4.6.) 
39.8 
29.6 
29.9 
3.LS 
30.7 
67.2-
fl7.S 
SJ.p 
85.3 
61.4 
68. I) 
61.~ 
64.0 
ORIGINAL PAGE 15 
OF POOR QUALITY 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANI". EAST 
- ( •• - -~-----,--
··."~.Gl, .. 
I 
1 
" ~ 
~ .. r • "" •• d' 
.~ 'C",CC'-""-_' :'~'7'c-c,';c~ ;c:'''''-'~, C"""']~'C0'- _",' ;,  
... --'"---~~,-.,,-- --~. ".- ", ,:1 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
MDC Ell53 
October 1974 
No finite width correction factor need be applied to such plots, since this factor 
has already been incorporated in the reduction of the fracture toughness test data. 
Such curves, as well as the stress intensity,'.:rack extension curves shown in 
Appendix C, represent the fractUre characteristics of an infinitely wide center 
cracked tension specimen. 
3.4 DISCUSSION 
Examination of the data in Appendix C shows that the test variables studied 
exert a strong influence on the plane stress fracture toughness of the materials 
investigated. The effects of each of the test variables are discussed below, in 
the order they appear in Table 3-2. 
3.4.1 Effect of Alloy Composition/Heat Treatment. 
The effect of this variable In fracture toughness is shown in Figure 3-11, 
which shows that, for equivalent section thicknesses, the Kc values for 2124-T851 
alloy are almost twice those of the 2024-T861 alloy. The higher toughness of the 
2124-T851 material can be attributed to the combined effect of its higher purity 
and its different thermo-mechanical processing relative to the T861 condition. 
Both effects must be active, since other data (Reference 3-13) indicates that the 
plane strain fracture toughness (KIc ) of 2124-T851 plate are superior to those of 
comparable 2024-T851 plate. 
3.4.2 Effect of Panel Constraint. 
It has been observed (Reference 3-9) that the large out-of-plane deflections 
associated with the buckling of a thin center-cracked tension specimen under load 
can significantly reduce its static tensile strength relative to the strength of 
similar specimens tested with such deflections suppressed by stiffener plates. In 
the present study, no such strength reductions were observed for the cr°'yog~nic and 
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room temperature tests of unstiffened thin gage specimens (see Figure 3-12). The 
lack of sensitivity of this test data to the presence or absence of buckling 
restraints during testing can only be attributed to the lack of significant out-of-
plane deflections in the specimens prior to failure. 
The fact that buckling effects were absent in most of these tests can be con-
firmed through an analysis of the interrelationship between crack instability and 
the stress required to cause buckling. The net section stress, an' required to 
cause buckling has been shown (Reference 3-14) to agree quite well with that pre-
dicted by the following equation, obtained from Reference 3-15: 
/ Et2 
an = -"-12--'1~2 
e 
where le = effective total crack length. 
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The results obtained in Reference 3-14 indicate that le has a value between 33 and 
50 percent of the actual total crack length, 2a. The net section stress can also 
be derived for conditions of crack instability from equation 3-1: 
(3-12 ) 
Provided Kc is known, equations (3-11) and 3-12) can be used to develop a plot 
of net section stress as a function of total crack length for a given specimen size. 
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Such a plot is shown in Figure 3-13 for 2024-T86l having a nominal thickness of 
1.60 mm (.063 inch) and a Kc value of 59.7 MPa 1m (54.3 ksi Ifill; the latter value 
was obtained by averaging the cryogenic and room temperature Kc data obtained 
from tests of the corresponding stiffened specimens. It should be noted that the 
intersection of the crack instability curve with the lower bound of the buckling 
stress region defines the minimum total flaw size at which buckling will occur 
prior to failure. For the conditions shown, this minimum total flaw size is 
approximately 4.8 cm (~.9 inch) or a value of 2a/w of approximately 0.10. Also 
shown in Figure 3-13 is the unstiffened test data for which critical crack length 
values are available. 
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From Figure 3-13 it can be seen that most of the flaw sizes associated with 
the unstiffened test data fall below the minimum buckling flaw size. Such results 
show that in most cases, buckling did not occur during the testing of these 
unstiffened specimens. For one test, however, the flaw size at failure was approxi-
mately twice the minimum buckling flaw size (see Table C2-9, Appendix C). This 
specimen did buckle prior to failure, since its strength was reduced approximately 
10 percent rel ative to that of the corresponding stiffened specimen (see Table 
Cl-13, Appendix C). Since equation (3-11) is a function of {thickness)2, the 
minimum buckling flaw size for the thicker 3.1B mm (.125 inch) unstiffened specimens 
is approximately four times larger than that for the thinner 1.60 mm (.063 inch) 
speciw.ens. As a result, buckling effects were entirely absent during the testing 
of these thicker unstiffened specimens. It can be concluded, therefore. that 
because of the relatively low toughness of 2024-TB61 when compal'ed to lower strength 
alloys. buckling is likely to have little effect of the fracture behavior of this 
material at cryogenic and room temperatures for gages as thin as 1.60 mm (.063 inch). 
3.4.3 Effect of Test Direction. 
Figure 3-11 also shows that, for all thickness/alloy combinations, transverse 
Kc values are approximately 15-20 percent lower than the corresponding longitudinal 
value. 
3.4.4 Effect of Section Thickness. 
The effect of section thickness is shown in Figure 3-11. which contains the 
average Kc data shown in Table 3-3. For the 2024-TB6l alloy. increasing section 
thickness from 1.60 to 6.35 mm (.063 to .250 inch) causes an approximate 30 percent 
decrease in fracture toughness at temperatures of l44°K and 294°K (200°F and 70°F). 
For 21 24-T85l , section thicknesses in the range of 6.35 to 11.45 mm (.250 to .450 
inch) cause a less severe reduction (approximately 13 percent) in toughness. 
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EFFECT OF TEMPERATURE ON THE PLANE STRESS FRACTURE TOUGHNESS FOR 2024-T861 
3.4.5 Effect of Test Temperature. 
The effect of test temperature on Kc is not immediately apparent from Figure 
3-11, due to the lack of data at 4500 K (350°F); the determination of an accurate 
Kc value at this temperature was in most instances precluded by net section yielding. 
However, the fracture toughness of 6.35 mm (.250 inch) thick 2024-T861 at this 
temperature was low enough to permit an accurate measurement with the specimen 
geometry employed in this program. The variation of Kc with temperature for this 
alloy/thickness combination is shown in Figure 3-14; from this figure it is apparent 
that the 4500 K (350°F) Kc value for this alloy is twice that. at room temperature. 
Convprsely, this figure, as well as Figure 3-11, indicate that the toughness at 
144°K (-200°F) is decreased approximately 20 percent relative to the room tempera-
ture value. 
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Examination of the data listed in Tables 3-3 and 3-4 shows no systematic 
variation of critical stress intensity with initial flaw size for any test condition 
investigated. These results were obtained for crack length to specimen width ratios 
(2a/w) between .03 and. 35. 
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A total of 258 center cracked tension specimens were tested during this phase 
of the program. A detailed test matrix is presented in Table 4-1. 
4. 1 TEST PROCEDURE 
4.1.1 Selection of Cyclic Stress Levels 
The maximum cyc'lic stress levels selected for use in this phase of the program 
are summarized in Table 4-2. Each specimen was tested at a unique stress level. 
and two to three stress levels were investigated for each alloy/thickness/orienta-
tion/stress ratio/environment combination. One of these stress levels was held 
constant for each alloy tested in order to compare cyclic life for a constant 
initial flaw size. The other stress levels wet'e selected as a certain percentage 
of the 0.2 percent offset yield strength. 
4.1.2 Attainment of Environmental Conditions 
The equipment and procedures used to obtain the cryogenic and elevated 
temperatures for cyclic flaw growth testing were identical to those used for 
fracture toughness testing (Section 3.2.2). To obtain the room ~emperature envi-
ronmental conditions, a plastic chamber was attached to the central 15.2 cm (6.0 
inches) of the specimen gage length. Because both stiffened and unstiffened thin 
gage specimens were to be tested. two types of environmental chambers were 
employed. For tests where buckling effects were to be suppressed. an integral 
stiffener/environmental chamber was constructed from two pieces of plexiglass and 
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Table 4-1 
TEST MATRIX FOR CYCLIC FLAW GROWTH TESTING 
ALLOY 2024-T861 2024-T861 
CONSTRAINT 1 STIFFENED UNSTIFFENED 
TEST DIRECTION 2 L L 
T T 
THICKNESS 1.60 mm (.063 INCH) 1.60 mm (.063 INCH) 
3.18mm (.125 INCH) 3.18 mm (.125 INCH) 
6.35 mm (.250 INCH) 
TEMPERATURE/ENVIRONMENT 144°K (-200°F}/N2 144°K (-200°F}/N2 
298°K (70°F}/ARGON 298°K (70°F}/ARGON 
298°K (70°F}/WET AIR 298°K (70°F}/WET AIR 
422°K (300°F)/LAB AIR 422°K (300°F}/LAB AIR 
450 0 K (350 0 F}/LAB AIR 4500 K (350°F}/LAB AIR 
478°K (400°F}/LAB AIR 478°K (400°F)/LAB AIR 
APPLIED STRESS 3 LOW LOW 
MEDIUM MEDIUM 
HIGH HIGH 
CYCLIC FREQUENCY 200 20 
200 
STRESS RATID 4 .05 .05 
150 
TOTAL SPECIMENS: 72 81 
STIFFENED: TEFLON-COATED GUIOE PLATES USED TO RESTRAIN BUCKLING. 
UNSTIFFENED: NO GUIDE PLATES USED 
2 L: LONG nUD I NAL 
T: TRANSVERSE 
3 SEE TABLE 4-2 FOR ACTUAL STRESS LEVELS USED. 
4 RATIO OF MINIMUM TO MAXIMUM APPLIEO STRESS. 
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2124-T851 
UNSTIFFENED 
L 
T 
6.35 mm (.250 INCH) 
12.70 mm (.500 INCH) 
144°K (-200°F}/N2 
29BoK (70°F}/ARGON 
298°K (70°F}/WET AIR 
422°K (300°F}/LAB AIR 
450 0 K (3500 F}/LAB AIR 
478°K (400°F}/LAB AIR 
LOW 
MEDIUM 
HIGH 
20 
200 
.05 
.50 
105 
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Table 4-2 
STRESS LEVELS SELECTED FDR CYCLIC TESTING 
TEST FULL SECTION 
ALLOY DIRECTION TEST TEMPERATURE STRESS, "G FTy 
oK of MP. ksi r~p. 
2024-T861 L 144 -200 118.6 17.2 563.3 
168.9 24.5 
294 70 75.2 10.9 501.3 
118.6 17.2 
225.5 32.7 
422 300 118.6 17.2 -
450 350 118.6 17 .2 391.6 
195.8 28.4 
302.7 43.9 
478 400 . 118.6 17.2 -
T 144 -200 118.6 17.2 550.9 
164.8 23.9 
294 70 118.6 17.2 496.4 
148.9 21.6 
198.6 28.8 
422 300 118.6 17.2 -
450 350 118.6 17.2 391.6 
195.8 28.4 
302.7 43.9 
478 400 118.6 17.2 -
2124-T851 L 144 -200 217.2 31. 5 534.4 
293.7 42.6 
294 70 144.1 20.9 479.2 
217.2 31.5 
335.8 48.7 
422 300 H4.8 21.0 -
450 350 108.9 15.8 362.0 
217.2 31.5 
307.5 44.6 
478 400 144.S 21 .0 -
T 144 -200 217 .2 31.5 506.S 
27S.6 40.4 
294 70 140.0 20.3 465.4 
217.2 31.5 
325.S 47.3 
\' i'-llf. \0 
422 300 144.S 21.0 -
Olt\G\.1'\i'-\J Q.Gi'-\J\'fL 450 350 10S.9 15.8 362.0 217.2 31.5 
Of" i?OOlt 307.5 44.6 
478 400 144.8 21.0 -
4-3 
ksi 
81. 7 
72 .7 
-
56.8 
-
79.7 
72.0 
-
56.8 
-
77.5 
69.5 
-
52.5 
73.5 
67.5 
-
52.5 
-
. 
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"G/FTY 
0.21 
0.30 
0.15 
0.23 
0.40 
-
0.30 
0.50 
0.75 
-
0.22 
0.30 
0.24 
0.30 
0.40 
-
0.30 
0.50 
0.75 
-
0.41 
0.55 
0.30 
0.45 
0.70 
-
0.30 
0.60 
0.S5 
-
0.43 
0.55 
0.30 
0.47 
0.70 
-
0.30 
0.60 
0.85 
-
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the sti ffener p1 ates used for suppressing buckl i ng effects during frac\ 'Jre toughness 
testing. Teflon was used to completely seal the p1exig1ass panes to the 5urfaces 
of the specimen. The required gas (argon or water-saturated air) was bled into the 
chamber on one side of the specimen and exhausted through a small hole in the p1exi-
glass on the opposite side. For tests of thin sage specimens where buck1 ing was per-
mitted, a flexible environment chamber was fabricated from two sheets of mylar 
sealed to the specimen surface using a relatively thick 1cyer of putty. Rubber 
hoses embedded in the putty on opPosite sides of the specimen permitted argon gas 
or water saturated air to enter and leave the chamber. 
To attain the water-saturated air environment, filtered compressed air was 
bubbled through a bottle ~ontaining distilled water. Relative humidity readings of 
95 to 100 percent were obtained by passing this airstream through a bell jar contain-
ing a stationary wet and dry bulb hygrometer. Bottled argon, having a dew point of 
2100K (-82°F), was used to obtain an inert environment. Prior to test, the chamber 
was purged by bleeding the argon or water-saturated air through the chamber at a 
relatively high flow r.ate for five minutes. 
4.1.3 Cyclic Flaw Growth Testing 
One of three types of closed loop, electro-hydraulic universal testing 
machines was employed for testing the specimens under this program. For those 
specimens requiring low cyclic loads (less than 222 kN, or 50,000 1bs.), the MTS 
universal testing system, operated in the load control mode, was used. For those 
specimens requiring higher loads, hydraulic fatigue machines with capacities of 
667 kN (150,000 lbs.) and 1.33 MN (300,000 1bs.) we'r;, used. These machines were 
also operated in the load control mode; a loading accuracy of two percent was 
obtained using closed loop servo controls l;mp10ying the principle .of variable 
gain feedback. These controls employ linear variable feedback amplifiers 
4-4 
MCDONNELL. DOUGLAS ASTRONAUTICS COMPANY. EAST 
1 
• 'j ! 
,,,, 
j 
O't j , 
<,-; -~ ",,, 
i j 
"'·a 
'1 
• 
!I 
... j 
,,-: 
h 
:' 'j 1 
-',.; ej 
" 
1 
" 
-)1 
"1 
-,-, 
" , 
, , 
, 1 ~.~ j 
r; ] d 
'\ 
:J 
\1 
;J. 
'~ 
,j 
, 
1 .;,"~. 
,> 
-~, 
'-', 
i 
FRACTURE MECHANICS n~TA FOR 
21rl4-TOOl AND 2124-T~r.l 
FINAL REPORT 
-- ,. --;'"7~I~"-- - -
_c ____ -_.1 
MDe El153 
October 1974 
that were adjusted for a predetermined feedback voltage using a cal ibrated resistor 
shunted across the load cell bridge. All load signals were monitored with a strip 
chart recorder and an oscilloscope. 
Each specimen was installed in the appropriate testing mach-jne after a starter 
notch was introduced using a 0.25 mm (0.010 inch) thich saw blade. The proper 
environmental equipment was then placed around or near the specimen. A photo of 
the test setup for a ,~I"yogenic test is shown in Figure 4-1. Once the proper 
environmental conditions were obtained for each test, cycling was initiated using 
sinusoidal loading at constant amplitude. When a fatigue crack was observed 
emanating from each side of the Stiwcut, cycling was temporarily halted while a 
measurement of total crack length to the nearest 0.025 mm (0.001 inch) was made 
with a coul'dinate cathetometer. Such measurements, made approximately every 
1.27 mm (0.050 inch) of crack extension, were continued until each specimen failed. 
These intermittent crack length measurements were supplemented with 16 mm 
motion picture records of each specimen that allowed crack length measurements to 
be obtained up to specimen failure. Such movies were obtained using a pulsed 
movie camera that was triggered each time the specimen reached peak load. Because 
of the relatively slow shutter speed of the camera, the motion of the specimen was 
frozen by a strobe light; the position of the strobe and the lens aperture was 
controlled in such a way as to prevent ambient light from exposing the film while 
the shutter was open. A ruler or a transparent plastic grid was taped to the 
specimen to allow crack length measurements to be made from the film. 
4.2 TEST RESULTS 
Because no standard technique has yet been established to reduce and analyze 
raw cyclic specimen data, several techniques were considered. The follow~ng 
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TEST SETUP FOR CRYOGEN I C FATI GUE FLAW GROWTH TESTI NG 
4- 6 
/MCDONNELL DOUGLAS A STRONAU IC S C Orvt P ANY .. E AS1-
i 
MDC EIIS3 
October 1914 
\ 
-'F---.'··"C' .... ," . '.·''"0 ','" ,-, -,.'." <." "" - .---- --- ,~ .. -,- ,.?- .,--" .. " .. ,.-- ,-' .-~~ -" .-~" -· .. ·-~~.,....",."...l~"--' 
! _"~''''~:'O~~'_-''' _;-_':">":'::~';':l"'"';i~':-"'~ ",",,,~, __ ~. '_,~___ _ ___ _ c"=' ____ ~...,.. ... _=-=== -"-,..~ , ,~ " __ ~ 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
MDC Ell53 
Oclober 1974 
sections describe the techniques finally adopted; Appendix F contains a description 
and evaluation of the other methods considered. 
The cyclic test data obtained under this phase of the program is presented in 
Appendix D in both tabular and graphical formats. For tests of several of the high 
temperature specimens, the flaw size was found to be come so large prior to failure 
that the net section stress exceeded 90 percent of the 0.2 percent offset yield 
strength. For these tests, growth rate/stress intensity data is reported only for 
those flaw sizes for which the net section stress is less than 0.9 Fty ' No such 
data is reported for larger flaw sizes, since the stress intensity approach is based 
on elastic conditions prior to instability. 
4.2.1 Data Reduction 
Because of the great quantity of data generated during this phase of the pro-
gram, computer techniques were employed to reduce and analyze the test data. The raw 
crack length/cycle measurements obtained during each test were recorded directly on 
computer coding forms; tab cards were keypunched from these records and given a pre-
liminary analysis by a specially developed computer program entitled ACCE (for 
"Analysis of Cyclic Crack Extension"). This program has the capability of examining 
the raw data and checking it for transcription errors and other inconsistencies. 
Once these errors are liminated, the derivative, da/dN, is approximated using a 
divided difference: 
- an) 
- N 
n 
( 4-1) 
The corresponding average stress intensity range, ~K, is computed using the 
relation: 
11K = ~(J 11Ta • Z avg (4-2) 
4-7 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. EAST 
, 
i , . 
j 
, 
~ 
1 
I 
l 
1 
FRACTURE MECHANICS DATA FOR 
211Z4-T861 AND 2124-T851 
FINAL REPORT 
aavg = (an+1 + an)/2 
Z = sec ("aavg/W) 
MOC E1l53 
October 1914 
Also included in this program is a Ca1comp plotting routine that plots the result-
ing (lla/lIN, lIK) data on log-log coordina.tes. The data from each specimen was then 
analyzed visually to detect and eliminate, if possible, any abrupt discontinuities 
in flaw growth rate. Such discontinuities were found to be caused by a minor 
transcription error or by too small an interval (less than 0.76 mm,·or 0.030 inch) 
between any two successive crack length measurements. The latter type of discon-
tinuity is likely to be related to the nonhomogeneous nature of the fatigue crack 
arowth orocess in real materials at the microscopic level. 
4.2.2 Data Analysis Technigues 
The cyclic test data shown in Apnendix D was ana1vzed to determine the para-
meters associated with either of the fo11owinq two empirical flaw growth rate 
models: 
da ClIKn Forman (Reference 4-1): dN = T('-l--;;R~)KiTc'------:lI"";7K 
Co11 iepriest 
where C, n = Forman rate equation constants 
R = ratio of minimum to maximum 
stress 
K = critical stress intensity 
c 
(Reference 4-2): ~~ = C1 EXP [C2 tanh -11/> ] 
where C1' C2 = rate equation constants 
1n(~K2/(1-R) KcllKo) 
1/>= 
1n ((l-R)KcIllKo) 
lIKo = threshold stress intensity ranoe 
(4-3 ) 
( 4-4) 
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primarily because of its inability to account for the hiQh qrowth rates that occur 
prior to instability. This model has the form: 
( 4-5) 
where C, n = Paris rate equation constants 
Although the Paris model was not directly incorporated into the data ana1vsis 
procedure, the Paris rate equation constants were indirectly evaluated by usino 
an alternate form of equation (4-4). As first oroposed (Reference 4-4), this 
equation had the more lengthy form: 
da/dN = C (K 6 K )n/2 EXP [ In(K 16K )n/2 
c 0 c 0 
[6K
2 
I 1 (1 - R)Kc 6KoU)] 
In (1 - R)K 16K 
c 0 
(4· 6) 
(
In 
arc tanh 
The constants C1 and C2 in equation (4-4) are related to the Paris equation 
constants by: 
( 4-7) 
(4-8) 
Evaluation of the rate constants for equations (4-3j and (4-4) would 
ordinarily involve complex non-linear regression techniques. These equations can be 
transformed into linear form usinq. logarithms; however, such transformations can 
introduce error, the sources of which are described in Appendix F. In its 
linear form, equation (4-3) can be rewritten as: 
1n [Q! dN (4-9) 
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The linear equivalent of equation (4-4) is: 
1n da = 1n C1 + C2 tanh-
1</> 
dN 
(4-10) 
Evaluation of the rate constants in'equations (4-9) and (4-10) can easily be 
performed using an ordinary least squares analysis, provided values of Kc and ~Ko 
are supplied. The former value is usually obtained from a fracture toughness 
test, while the latter is an estimated value. However, in order to obtain an 
independent measure of these values, a special computer program was developed to 
optimize not only the rate constants 
the value of ~Ko for each data set. 
but also the K value and, fOl" equation (4-8), 
c 
This program, entitled RACD (for "Regression 
Analysis of Cyclic Data"), is designed to optimize the rate constants using 
least square techniques; iterative convergence routines are then used to determine 
the value of Kc and/or ~Ko that produces the best fit of each equation to the 
experimental data. The convergence. routines employed are an extension to multiple 
dimensions of a one-dimensional root finder; this root finder is based upon a 
combination of the secant methou (Reference 4-5)and Aitken's delta squared 
procedure (Reference 4-6). The procedure involves evaluating the rate constants 
for each model using least squares techniques and an assumed value for Kc and, 
when necessary, ~Ko' Once obtained, the total amount of error between this 
computed curve and each data point (i.e., the sum of the residuals) is computed 
using the relation, 
where (~~) m 
( ~~L = 
= 
(~)J 2 
"measured" 'val ue of fl aw growth rate 
(i .e., using equation 4-1) 
calculated value of flaw growth rate 
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Table 4-3 
EQUATIONS USED FOR CONVERGENCE ANALYSIS OF CYCLIC TEST DATA 
~k~~ ~~~H PARAMETER EOUATiOlI SATISFIED 
Forman (Equatloll 4-9) K, :~ "0 =L:t(1 - R)(~} j!l (~) - (Ill C + n In(IIKJ\ >: 
C ii,
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l c~L)( )! Collieprlest (Equation 4-10) ." _ _ C2 I-P.),,: IIKo 1 da _\ , - 0 2: ~ ---rF~ - (1-R1Kc In (im)\- (In C1 + C2 TAflH (dill) , ·,I:;c 
I 2K(' In-~ Kc ln~ 
( (.\K)~ ) 
" ,"((1-R)K,))("(~),-(1"',' '2 TA,"-' 1.1,))/ OK, ~ • 0 2:)-"'- C (1-')',", J!l.K 1_412 C1-R1K ) -o I I 2~K In __ , 
o flKa o ilKo 
In (CAK)j /{l-R) Kc 4Ko) 
In((1-R) Kc/bKO} 
Equation (4-11) can be rewritten using the appropriate rate model expression for 
(da/dN)c; best fit values for Kc were obtained by finding that value.which 
satisfied the following condition; 
OltiG1NAL PAGE IS 
o OF POOR QUALIT'l ( 4-12) 
Similarly, the best f;~ values for ~Ko were obtained by finding the value such 
that; 
or 
ollK = 0 
o 
( 4-13) 
The exact form of Equation .(4-12) and (4-13) used are summarized in Table 4-3. 
While using this program, it was found that convergence was not always 
obtained for each ddt" set. In some cases, failure to converge on a Kc value was 
caused by in~,lfficient data at the high lIK levels; conversely, failure to con-
verge on a lIKo value was caused by insufficient data at the low lIK levels. In 
other cases, failure to converge was caused by a high degree of scatter in the 
data. The results of this analysis are collected in Appendix E. 
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Examination of the data in Appendix 0 shows that several common trends can be 
established, and that the effect of the eight test variables can be classified as 
to their general effect on the shape of the flaw growth rate curve. For example, 
such variables as specimen thickness, test direction, stress ratio, and buckling 
constraint all exert a similar influence on the flaw growth rate curve in that they 
primarily affect flaw growth rate at the high ilK levels preceding instability. These 
particular test variables appear to affect fatigue flaw growth by altering the 
fracture toughness of tile material (e.g., test direction) or by changing tile 
stress pattern imposed on the specimen (e.g., thickness, stress ratio, and buckling). 
On the other hand, vari~bles such as test temperature and alloy/heat treatment 
affect the flaw growth rate over the entire ilK range. These test vc.riabler appear 
to affect the very nature of the cyclic flaw growth process. The effect of each 
test variable is discussed in greater detail below. 
Effect of All oy. Compositi on/Heat Treatment. The effect of thi s test variable 
on flaw growth rate ,is shown in Figure 4-2. It can be observed that for constant 
va 1 ues of ilK, crack propagation occurs at a faster rate in the 2024-T86'1 alloy than 
ill the 2124-T851 alloy. This effect is quite likely related to the higher toughness 
of the 2124-T851 alloy, caused by the combined effect higher purity and different 
thermo-mechanical processing. 
Effect of Panel Canst"aint. At the 144°K (-200°F) or the 294°K (70°F) test 
temperatures, no significant difference between the ;tiffened and unstiffened flaw 
growth rate curves is apparent for any test direction/thickness combination. 
These observations agree well with those of Section 3.4, which found that flaw 
lengths were generally too small to cause significant buckling at these temperatures. 
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EFFECT OF ALLOY COMPOSITION/HEAT TREATMENT ON ROOM TEMPERATURE FLAW GROWTH RATE 
(curves are hand-faired from Appendix 0, Figures 03-2a and D3-3a) 
However, at elevated temperatures, a distinct layering effp.ct can be observed for 
both the 1.60 mm (.063 inch) and the 3.18 mm (.125 inch) thicknesses, as shown 
in Figure 4-3. No conclusion could be reached in Section 3.4 as t'l the effect of 
panel buckling on fracture toughness at elevated temperatures, due to the lack of 
data caused by net section yielding. However, in view of the results of the elevated 
temperature cyclic tests, it is likely that buckling would also decrease toughness if 
a wide enough specimen were employed. 
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EFFECT OF STIFFENING ON THE 450"'K (350°F) FLAW GROWTH RATE OF 2024-T86l 
(curves are hand-faired from Appendix 0, Figures Dl-7a, Dl-9a, D2-7a, and D2-9a) 
Effect of Test Direction. The effect of test direction relative to the roll ing 
direction of the sheet or plate is shown in Figure 4-4. It can be observed that 
crack propagation is slightly faster for the transverse test direction than for the 
longitudinal direction. Similar layering effects are observed in the data obtained 
at other temperatures and for other thicknesses. 
Effect of Specimen Thi ckness. As shown in Fi gure 4-5 for the 2024-T86l .all oy 
tested at room temperature in argon at a stress ratio of 0.05, increasing section 
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EFFECT OF TEST DIRECTION ON THE ROOM TEMPERATURE FLAW GROWTH RATE OF 2024-T861 (curves are hand-faired from Appendix D, Figure D2-4) 
thickness tends to increase crack growth rate for equivalent stress intensity con-
ditions. The layering observed in this figure is also evident for data at the higher 
stress ratio (R=O.5) and at lower temperatures (144°K or 200°F). The effect appears 
to be lost at elevated temperatures, primarily because net section yie1dinq precluded 
the attainment of the high ~K levels necessary to observe the effect. 
Effect of Test Temperature/Environment. Test temperature was found to exert a 
strong influence on the flaw growth rate of 2124-T851, as shown in Figure 4-6; 
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EFFECT OF THICKNESS ON THE ROOM TEMPERATURE FLAW GROWTH RATE OF 2024-T861 
(curves are hand-faired from Appendix D, Figures Dl-4a, D2-4a, and D3-2a) 
similar effects were observed for the other alloy/thickness combinations investigated. 
Cryogenic temperatures were found to primarily affect the flaw growth rate in the 
high ~K range preceding instability; in this region, the growth rate is accelerated 
relative to that at room temperature due to a decrease in the toughness of the 
material. Similarly, elevated temperatures promote an increase in material toughness 
and cause the flaw growth in the high ~K range to decrease relative to that at room 
temperature. However, this trend is not observed as the temperature is increased 
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EFFECT OF TEST TEMPERATURE ON THE FLAW GROWTH RATE OF 2l24-T85l 
(curves are hand-faired from Appendix D, Figures 06-2a, 06-4a, and 06-6a) 
from 422°K (300°F) to 478°K (400°F), as an examination of the flaw growth rate 
curves in Appendix 0 will prove. Although there is a tendency for this high tempera-
ture data to have wider scatter bands than the lower temperature data, no consistent 
trend can be established. 
At the opposite end of the flaw growth rate curve (i.e .• the low ~K range), 
elevated temperatures have an opposite effect on the threshold value, ~Ko; that is, 
higher test temperatures appear to decrease ~Ko relative to the room temperature 
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EFFECT OF RELATIVE HUMIOITY ON THE ROOM TEMPERATURE FLAW GROWTH RATE OF 2024-T861 (curves are hand-faired from Appendix D, Figure D3-2a) 
va'lue. The curves shown in Figure 4-6 appear to indicate that cryogenic temperatures 
have little affect on the thre~hold value; however, no firm conclusion can be drawn 
in this regard because of the lack of cryogenic data in this region of the curve. 
The value of IIKo \'laS also found to be affected by the relative humidity at room 
temperature. As shown in Figure 4-7 the wet air environment (RH ~ 100%) causes the 
value of IIKo to decrease relative to the dry argon environment (RH = 0.03%). 
Effect of Applied Stress Level. ,Examination of the flaw growth rate curves in 
Appendix D shows that flaw growth rate is unaffected by differences in the magnitude 
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EFFECT OF STRESS RATIO ON THE ROOM TEMPERATURE FLAW GROWTH RATE OF 2024-T86l (curves are hand-faired from Appendix D, Figure D2-4a and D2-5a) 
ORIGINAL PAGE IS 
OF POOR QUALITY 
of the maximum applied cyclic stress. Such results indicate that the stress 
intensity parameter adequately accounts for differences in stress level. 
Effect of Cyclic Frequency. Cyclic test frequency was observed to have no 
effect on fatigue flaw growth rate. For corresponding tests, the 20 and 200 cpm 
cyclic data was found to be indisti.::;uishable for all test conditions e'/aluated. 
Effect of Stress Ratio. The effect of stress ratio (minimum to maximum cyclic 
stress) on flaw growth rate is shown in Figure 4-8. Because both the Forman and 
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Table 4-4 
PARAMETERS USED TO OBTAIN CURVES IN FIGURE 4-8 
HODELiPARAllETER SI UNITS ENGLISH UNITS 
Forman (Equation 4-2) 
o Kc + 60.1 Mr~ /iii 54.7 ksi /in 
a C *71 
.6174 E-lO* .1734 E-8 
o n 4.582 4.J82 
Collie.priest (Equation 4-4) 
o 6Ko * S.7HPa/m 5.2 ksi /in 
o Kc 60.1 HPa rm 54.7 ksi /in 
MDC E1153 
Oclober 1974 
o C1 
.1264 E-5 m/cycle .4974 E-8 in~h/cycle 
o C2 4.394 4.394 
<) C(P)*** .2360 E-I0 .1321 E-8 
o n(P) 3.731 3.731 
* E-IO "" 10-10 , E-8 = 10-8 , ate. 
** 51 Units: 
**:~ S1 Units! 
role', cle 
n-1 ; (NPa I;;) 
m/cycle 
(ksi lin) n 
+ From Appendix C, Table C)-l 
4+ From Appendix E. Table E2-2 
English Units: in/cycle 
(ksi lin)n-l 
English Units: in/cyclen 
(ksi /in) 
Collieprie,t rate models (equations 4-3 and 4-4, respectively) attempt to account for 
the effect of stress ratio, an attempt was made to predict the behavior at one 
stress ratio from an analysis of the data at the other stress ratio. The 1 inear-
ized form of each model (i.e., equations 4-9 and 4-10) was fit to the 0.05 stress 
ratio data shown in Figure 4-8(a) in a least squares manner. 
used in this analysis were obtained from fracture toughness testing and from 
regression/convergence analysis, respectively. The rate parameters obtained from 
this analysis are listed in Table 4-4; they were used to generate the curves shown 
in Figure 4-8(u). As can be seen, slightly better agreement is obtained between 
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COMPARISON OF 2024-T861 DATA WITH REFERENCE 4-7 DATA (Data from Appendix D, rig~lre D5-2a) 
the test data and the curve predicted by the Col 1 iepriest model. 
4.3.2 Comparison of Cyclic Data 8ases 
MDC EI153 
October 1974 
The cyclic test data generated under this program was compared with that 
obtained by other investigators for these alloys. The growth rate curves obtained 
from room temperature tests of 2024-T861 and 2124-T851 compact tension specimens 
having respective thicknesses 6.38 mm (.250 inch) and 12.7 mm (.500 inch) are shown 
in Figures 4-9 and 4-10. These curves were generated using the flaw growth rate 
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parameters specified in Reference 4-7 and a stress ratio of 0.05. Also shown in 
these figures is the room temperature cyclic data obtained under this program. The 
agreement between the two data bases appears to be eXLellent. 
4.3.3 Comparison of Rate Models with Test Data 
As discussed in Section 4.2.2, regression/convergence technique£ wel'e used to 
fit the Forman and Colliepriest fatigue flaw growth rat~ models (Equations 4-3 and 
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4-4) to the cyclic test data generated under this program; the results of these 
analyses ~re collected in Appendix E. These techniques permitted the value of Kc 
to be optimized for each data set examined; as shown in Tables 4-5 und 4-6, a 
consistent discrepancy exists between these optimized Kc values obtained by curve 
fitting and those derived from static tensile testing. As shown in Figure 4-11, 
these "curve fit" Kc values are consistently higher than the corresponding "static" 
values. These results also indicate that, for any given test condition, the 
optimized Kc value obtained using the Co11iepriest rate model is in most cases always 
higher than that obtained using the Forman rate model. 
The differences between the two optimized Kc values are most likely related 
to the nature of the mathematical model used to fit the data. However, the differ-
ences between these and the static values are related to the nature of the curve 
fitting process and not to any difference in the response of the material to the 
manner in which load is applied. That the Kc value is unique is confirmed by the 
maximum stress intensity values shown in Tables 4-5 and 4-6. This data, also plotted 
in Figure 4-11, was obtained from those tests for which crack length was measured 
on the cycle before failure and represents the stress intensity at maximum load. 
These values confirm that the critical stress intensity parameter, Kc ' is essentially 
independent of loading profile. 
The discrepancy between the static and the curve fit Kc values must be related 
to the nature of the curve fitting process because an unusually large variation in 
standard deviation (.012 to .469) is associated with the optimized values. .Such a 
wide variation in standard deviation could be related to the fairly large scatter 
band~ associated with some data sets or the fact that the rate models fit some 
data sets better than others. More significantly, however, is the fact that the 
amount of data at the high LlK levels (i.e., immediately preceding instability) is 
limited and varies from 0,., data set to 3nother. The accuracy with which the curve 
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Table 4-5 
STATIC AND CYCLIC FRACTURE TOUGHNESS (Kc) FOR 2024-T861 
UOI1lhAL tuRVE FIT ••• 
THICK/lESS 
'" 
C(!~STI!AIIIT·· 
1.60 .063 STIFFENED 
.061 U~5T1ff(h(O 
125 STlFH~m 
l.IB .125 UhSTlFFE!IED 
.2:11 UHST!Ff(~rO 
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' .. 
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m, 
DI~[(I!O,~ 
58.4 
47.Z 
6C!.9 
52.11 
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66.1 
5).1 
91.9 
51.0 
37.3 
oCl.l 
44.6 
51.2 
n,o 
47.4 
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n.] 
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"" 
"" 
"" 
"" 
51.2 'bO.B 
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46.5 
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40.2 
H.a 
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56.0 
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HH,a 
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lO.7 
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53.0 {AI 
50.1 {II} 
aO.l 
7\.5 
56.4 
71.1 (A) 
40.3 {~} 
129.1 
10,,0 
58.4 
66.0 (II) 
52.1 (AJ 
11.4 1\/) 
133.0 
99.7 
52.l 
15.3 
21:<,S {WI 
28.1 (~J 
" 
50.1 
69.8 (A) 
61.4 (II) 
48.2 {AI 
45.6 (II) 
72.B 
£5.0 
51.) 
65.3 (AI 
44.Q (A) 
111.5 
9.28 
S3.Z 
" 
f( (A) 
60.0 (II) 
-:7.4 (A) 
14. \ (II) 
121.0 
90.S 
47.5 
n.l 
r( (A) 
25.9 (II) 
rc (~,201 
2~.6 (A~ 
Z~. J (II,20) n,o (11.20) 
" In.1I 120) T~O.8 (20) 
f( (ZOO) 
;~~r~~~~~:~"~C4;:~".~"~ for 200 (PM teH~ U"I~H noted by (20). '"dt~At1"'1 20 CI'!' ten., 
A • Ar~on [",1"'_"1 
Otller 
1/' ".t ;',e fnvlrM ... n\ 
!I~' ,,~. S~(!'n" Iwld'nq 
;( f", tur~ to (on'"'ge 
St,fffne~ 
'In>tlf/en, 
S·.tlc 
~..,,, ~ ~.J 
(u,"e rn: 
a,c>lInq r~ur.IM<I 
au<~llt1 u"reHr.'n~d 
~, d~te""'n~ 1'0<1 ,,.,,Iure t"u~"n.n t~Hlnq (AU~"~d" C) 
A.cr~q~ <~~ ... lues"n IUt '4t;~"e ~.cl~ Defore hlluro (fro ... ~oPcrnlh DJ 
MP4~ 
65.6 
42,8 
19.2 (AI 
4a (I {AI 
\lO.! 
16.5 
115.3 (AI 
59,3 (AI 
" 
" 
kSI" In 
5".1 
lS.9 
n.! (~) 
43.1 {AI 
100.2 
69.& 
71.6 (AI 
54.0 (AI 
Fe (~I 
al.s 14.5 
13.1 66.5 
61.2 55.1 
1B.9 (AI 
54.5 (AI 
70.9 
19.6 
78.9 (A) 
R2.9 (II) 
" 
" 
" 
Fe tAJ 
fe (w) 
11.8 (AI 
49.6 (AI 
64.S 
3£.0 
11.6 (AI 
1~.4 (WI 
130.6 117.0 
\02.0 n.9 
36.9 (~l 
" 
" rc {Al 
13.6 (II) 
Fe (~.20l 
rc (~) 
25.1 (;;,20) 21.0 I",I()) 
l&.!' (~) lJ.6 (~I 
Ila.< 125.8 
201,6 (~I); Ul) s (101 
rc (200) 
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Table 4-6 
STATIC AND CYCLIC FRACTURE TOUGHNESS (Kc) FOR 2124-T851 
ND""[UAl AVERAGE AVERAGE ~ CURVE FlTl 
TltlCKNESS T[MPERATUR[ TEST Kc l~JATlC)· ~'ffi l~ 11·1** HParm'UIiHAN MPa\im ~ ;, ., U!IIECTION MPaVm ksiVTr! MPa Ir ks!v1ii" ksi vTr1 
6.15 ,250 144 l fl9.3 81.3 104. J 94. '} 102.2 93.0 120.1 
, 63.1 58.0 51.5 52.3 62.9 57.Z 
194 l 87.3 79.5 
--
-- 93.7 (f.) 85.3 (1\) 155.2 (A) 
85.2 (W) 77.5 (WI 96.1 (w) 
, 55.5 50.5 59.1 54.3 57.5 (A.20) 52.3 (A.20) 
Fe 
MDC EIl53 
October 1914 
ksiv!n 
109.3 
14\.2 (A) 
117.4 (w) 
Fe (A,20) 
66.8 {A,200} 60.8 (A,200) 77.7 (11.,200) 70.7IA.ZOIl) 
11,45 
6\.0 (W.20) 
67.0 (W,200) 
450 l 
"" 
-- --
125.6 
, tlSY 
--
-- 9).] (20) 
141. 7 
.450 144 l 96.5 1l7.8 82.6 75.2 7B.9 
44.5 40.5 62.5 56.9 51.3 
294 l 79.1 72.0 67.4 79.6 112.2 (A) 
F( (',I) 
T 44.5 40.5 54.2 49,4 72.S /,.\) 
450 l NSY 
-- --
102.7 
T USY 
-- -- ; 98.5 
All (\yn~mit Kc valucs drc for 200 tPM tests unless noted by (20). indicating 2.) (PM tests. Other 
Jhbrev),ltinns arc: 
II ; Argoft Environment 
W 2 Wet Air Environment 
USV ~ Net Section Yield in!) 
Fe ~ Fdllure to Converge 
• Stat;c: As determined frum frdcture toughness testlu'J (Appendix C). 
u ~a. @N·l: ,\vera'll! ~,n values on IdS~ fatigue (yele beforc failure (from Appendi~ 0) . 
55.S (W.20) 
60.9 (W,200) 
114.3 
90.3 (20) 
12'9.0 
71.8 
46.7 
102.1 (A) 
66.3 (1\) 
93.5 
89.3 
••• (LjrVe Fit: As determined fnlO1 curv" fitting r~te models to data representing both 0.05 and 0.5<.1 stress ratios, 
Llsillll reqression!convergence tuchniques (Appendh E); ''fo~mdn'' K,.. value! repl"Csent those obt~lned 
us\r\<j the FlII"!IIall rdtl' mOdel (EqUdlloll 4·8); "Clll1iupr\eH" "c values rCI)re5ent thOSe nbtdincd Ilslng 
the Col1ieprlen rate mOdel (Equdtlon "-~). 
Fe (A,wl 
f{. (W.ZOO) 
100.6 9.15 
201.6 !20} 183.5 (20) 
114.9 IO~,5 
107.4 97.8 
Fe 
145.9 (A) m.B (A) 
102.2 Ill) CJ3.0 (w) 
129.5 (',I) 117.9IW) 
109.2 99.4 
rc 
fitting process selects a value for Kc, then, can only be as good as the amount of 
cyclic. data in the immediate vicinity of instability. 
The results of the regression/conVErgence analyses also indicate that, even 
when the difference between the static and optimized Kc values are small, no one 
rate model is superior in its agreement with the experimental data abovp. flaw growth 
rates of 10-4 mm/cyc1e (3.9 x 10-6 inch/cyc1e)_ For crack growth rates less than 
this value, the behavior predicted by the two models differs significantly; 
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unfortunately, the test data generated in this ~ange was limited. However, visual 
examination of the results of the curve fitting process showed that a slightly 
better fit was obtained for the sigmodal curves associated with the Colliepriest 
model. 
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5.0 CONCLUSIONS 
5.1 FRACTURE TOUGHNESS PROPERTIES 
MDC E1l53 
October 1974 
The following conclusions can be drawn from the fracture toughness data 
generated during this study: 
1) for equivalent section thicknesses, the Kc values for the 2124-T851 alloy 
are almost twice those of the 2024-T861 alloy; 
2) for section thicknesses as thin as 1.60 mm (.063 inch), buckling has 
little effect on the fracture behavior of 2024-T861; 
3) for all test conditions, the fracture toughness (Kc) in the transverse 
test direction is approximately 15-20 percent lower than the correspond-
ing longitudinal va" ue; 
4) for both alloys, fracture toughness decreases with increasing section 
thickness, particularly in the thinner gages of the 2024-T861 a.lloy; 
5) for both alloys, increasing temperature causes an increase in fracture 
toughness; for the 2024-T861 alloy with a thickness of 6.35 mm (.250 inch), 
toughness increases 250 percent over the temperature range 144°K to 4500 K 
6) no systematic variation of fracture toughness \lith initial flaw size was 
observed for any test condition investigated. 
5.2 FATIGUE CRACK GROWTH PROPERTIES 
The conclusions drawn from the fatigue crack growth data are: 
1) for equivalent section thicknesses and stress intensity conditions, the 
crack growth rate for the 2024-T861 alloy is faster than that for the 
2124-T851 alloy; 
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2) for section thicknesses in the range 1.60 - 3.18 mm (.063 - .125 inch), 
buckling accelerates the crack growth process only at elevated tempera-
ture (450 0 K or 350°F); 
3) for equivalent stress intensity conditions, the crack arowth rate is 
higher for the transverse test direction than for the longitudinal test 
di rect1on; 
4) for equivalent stress intensity conditions, the crack growth rate of both 
alloys increases with increasing section thickness; 
5) for equivalent test conditions, increasing test temperature causes an 
increase in flaw growth rate at low 6K levels and a decrease in flaw 
growth rate at high 6K levels. 
6) for the test conditions investigated, differences in applied stress level 
and cyclic frequency have no effect on flaw growth rate; 
7) for equivalent test conditions, crack growth rate increases with decreas-
ing stress rat-io, and the effect is adequately predicted by the Forman 
and Co11iepriest empirical rate models; 
8) differences in Kc between that derived from toughness testing and that 
obtained from cyclic testing using least squares/convergence techniques 
are due prima'r'ily to the lack of sufficient. cyclic data near the point of 
instabil ity and not to any fundamental difference in the response of the 
material to the way in which load is applied; 
9) -4 based on 1 i mi ted fl aw growth rate data below 10 IlIil/ cyc 1 e, it appears 
that slightly better fit between predicted behavior and actual data was 
obtained for the Colliepriest rate model. 
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6.0. RECOMMENDATIONS 
MDC E1153 
Oclober 1974 
As a result of the work conducted under this program, one area has been 
observed that requires further investigation. It has been realized that a critical 
need exists for a statistically significant technique for the reduction and analysis 
of fatigue flaw growth data. Such a study should include at least the following: 
o an examination of the possibility of using spline functions with a least 
squares procedure to establish the relation between crack length and number 
of applied fatigue cycles; 
o developing a practical method for solving the integrated form of the various 
rate models in order that the fatigue flaw growth parameters may be evaluated 
directly from the measured crack length/cycle data; 
o determining if a statistically significant difference exists in the cyclic 
life predicted by the various rate models; 
o determining the best numerical algorithm for computing the constants 
associated with each flaw growth rate model. 
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Appendi x A 
TENSILE TEST DATA 
MDC E1153 
October 1974 
The following data tables incorporate the mechanical property values obtained 
from tensile tests of 2024-T861 sheet and 2124-T851 plate specimens. Table A-l 
summarizes the design mechanical properties for these alloys, based on the data 
presented in Reference 4-7. Tables A-2 through A-4 include the data obtained 
from 2024-T861 sheet specimens, while Tables A-5 through A-7 include the data 
obtained from the ~124-T851 plate specimens. The elastic modulus values reported 
represent those obtained from the slope of the stress-strain curve, generated 
using a Class B-1 extensometer. 
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TABLE A-l 
ROOM TEMPERATURE DESIGN MECHANICAL PROPERTIES FOR BARE 2024-T861 AND 2124-TB51 ALUMINUM* 
** *** 2024-TB61 2124-T851 
L ORIENTATION T ORIENTATION L ORIENTATION T ORIENTATION 
Ftu 
MPa 496.4 4B9.5 448 448 
ksi 72 71 65 65' 
Fty 
MPa 462.0 455 393 393 
ksi 67 66 57 57 
E 10
3MPa 72.40 72.40 71.71 71.71 
106psi 10.7 10.7 10.4 10.4 
ELONGATION, PER CENT 4 4 6 4 
---- ------
* FROM: MATERIALS PROPERTIES MANUAL, VOLUME I, DESIGN DATA; SPACE DIVISION, ROCKWELL INTERNATIONAL; 
JUNE, 1974. 
**VALUES FOR SHEET 1.60 - 6.32 mm (.063-.249 inch) THICK. 
*** VALUES FOR PLATE 50.B - 76.2 mm (2.001-3.000 inch) THICK. 
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TABLE A-2. }IECHANICAL PROPERTIES OF AS-RECEIVED 2024-T861 ALUHINUH ALLOY SHEET AT 144'K (-200'F) 
SHEET F F TIIICKNE5S SHEET SPEc-mEN TEST ty tu Hodulus Elongation, % 
mm in ~ NO. DIRECTION HPa ksi HPa ksi 103HPa 10 6psi (5.0Bcm gage length) 
1.60 .063 4 63-4LS-1 L 551.6 80.0 582.6 84.5 88.74 12.9 6 
1.60 .063 5 63-5LS-1 L 548.2 79.5 582.6 84.5 73.91 10.7 6 
1.60 .063 6 63-6LS-1 L 548.2 79.5 579.2. 84.0 81.98 11.9 _6_ 
AVG: 549.3 79.7 581.5 84.3 81.54 11.8 6 
1.60 .063 1 63-1TS-2 T 548.2 79.5 586.1 85.0 76.26 11.1 6 
1.60 .063 1 63-1TS-3 T 
* * 
582.6 8/ ... 5 • * 6 
1.60 .063 4 63-4TS-1 T 537.8 2M 579.2 84.0 78.19 11.3 _6_ 
AVG: 543.0 78.8 582.6 84.5 77 .22 11.2 6 
3.18 .125 1 125-1LS-1 L 548.2 79.5 589.5 85.5 75.43 10.9 7 
3.18 .125 4 125-4LS-1 L 561.9 81.5 599.9 87.0 77 .64 11.3 7 
3.18 .125 5 125-5LS-1 L 572.3 83.0 603.3 87.5 82.53 12.0 _7_ 
AVG: 560.8 81.3 597.6 86.7 78.53 11.4 7 
3.18 .125 1 125-1T5-3 T 561.9 81.5 596.4 86.5 74.26 10. P 6 
3.18 .125 2 125-2TS-2 T 572.3 83.0 596.4 86.5 74.19 10.0 6 
3.18 .125 4 125-4TS-1 T 555.0 80.5 596.4 86.5 76.47 11. 1 6 
AVG: 563.1 81.7 596.4 86.5 74.97 10.9 6 
6.35 .250 2 250-2LS-1 L * * 575.7 83.c * * 7 
6.35 .250 3 250-3L5-1 L * * 589.5 85.5 • * 7 6.35 .250 3 250-3LS-2 L 579.2 84.0 593.0 86.0 83.29 12.1 6 
-- -
AVG: 579.2 84.0 586.1 85.0 83.29 12.1 7 
6.35 .250 2 2~()-2TS-l T * * 568.8 82.5 * * 6 
6.35 .250 2 250-2TS-2 T 534.4 77.5 568.8 82.5 76.95 11.2 6 
6.35 .250 3 250-3TS-1 T 558.5 81.0 586.1 85.0 80.81 
.!l:..7- 6 
AVG: 546.5 79.3 574.6 83.3 78.88 11.4 6 
* Extensometer slipped off specimen. 
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SHEET 
TIlICKNESS 
IlIIll in 
1.60 .063 
1.60 .063 
1.60 .063 
rY 
f:"· 1:1 f~ ~ ~t~! ,,,, 
81:: I" 
r?' 10 III 
1.60 .063 
1.60 .063 
1.60 .063 
0' . 
~~'~ 10 III 
~ ~ ;". it'; I 1'1 0 .,. ~j E d c: ~l ~ ~ 
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3.1B .125 
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TABLE A-3. ROOM TEMPERATURE MECHANICAL PROPERTIES OF AS-RECEIVED 2024-TB61 ALUMINUM ALLOY SHEET z ~ 
C>n N= 
SHEET 
~ 
1 
1 
1 
1 
1 
6 
1 
1 
2 
1 
1 
6 
1 
1 
1 
1 
1 
3 
SPECIMEN 
NO. 
63-ILS-1 
63-ILS-2 
63-ILS-3 
63-ITS-1 
63-ITS-2 
63-6TS-1 
125-ILS-2 
125-ILS-3 
125-2LS-1 
125-ITS-2 
125-ITS-4 
125-6TS-1 
250-ILS-1 
250-ILS-2 
250-ILS-3 
250-ITS-1 
250-ITS-2 
250-3TS-3 
TEST 
DIRECTION 
L 
L 
L 
T 
T 
T 
L 
L 
L 
T 
T 
T 
L 
L 
L 
T 
T 
T 
F 
ty 
~ kai 
499.9 12.5 
496.4 12.0 
496.4 12.0 
AVG: 497.8 12.2 
493.0 71.5 
493.0 71.5 
496.4 12.0 
AVG: 4B4.4 71.7 
496.4 72.0 
496.4 12.0 
499.9 12.5 
AVG: 496.4 12.0 
496.4 12.0 
496.4 12.0 
503.3 73.0 
AVG: 49B.5 12.3 
510.2 74.0 
510.2 74.0 
~ 74.0 
AVG: 510.2 74.0 
496.4 12.0 
496.4 n.o 
506.8 73.5 
AVG: 497.8 12.2 
Ftu MODULUS 
MPs ksi 10~s 106psi 
520.6 75.5 70.33 10.2 
517.1 75.0 71.02 10.3 
517.1 75.0 69.64 10.1 
518.5 75.2 70.33 10.2 
520.6 75.5 69.64 10.1 
524.0 76.0 72.40 10.5 
524.0 76.0 ll.:Q2. 10.6 
522.6 75.B 71.71 10.4 
520.6 75.5 71.02 10.3 
524.0 76.0 71.71 10.4 
524.0 ~ ~ 10.3 
522.6 75.B 71.0:': 10.3 
524.0 76.0 67.57 9.B 
527.5 76.5 70.33 lC.i 
534.4 77.5 71.71 10.4 
52B.B 76.7 69.64 10.1 
517.1 75.0 68.26 9.9 
517.1 75.0 71.02 10.3 
517.1 75.0 70.33 10.2 
517.1 75.0 69.64 10.1 
510.2 74.0 71.71 10.4 
513.7 74.5 74.47 10.8 
527.5 76.5 71.02 10.3 
517.1 75.0 72.40 10.5 
ELONGATION. % 
(5.08 em CAGE LENGTII) 
6.5 
605' 
!,.Q. 
6.3 
5.5 
6.5 
7.0 
6.3 
7.5 
B.O 
!!.:!!. 
7.8 
7.0 
B.O 
2d 
7.5 
6.5 
6.5 
2.:.Q. 
6.8 
6.0 
6.0 
2.:.Q. 
6.3 
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TABLE A-4. }1ECHANICAL PROPEP.TIES OF AS-RECEIVED 2024-T861 ALilllINilll ALLOY SHEET AT 450"K (350"F) :: ~ 
~S 
SHEET f' ~ ! THICKNESS SHEET SPECIHEN TEST F ty F tu }IODULUS ELONGATION, % ~ t! G mm in ~ NO. DIRECTION ~ ksi !:!.!. ksi l03HPa l06psi (5.08 em GAGE LENGTH) ~ i. 
.... ~ 1.60 .063 2 63-2LS-2 L 386.1 56.0 396.5 57.5 60.74 8.81 13 ?: 
~ 1.60 .063 3 63-315-1 L 386.1 56.0 389.6 56.5 56.81 8.24 12 C> 
III 1.60 .063 5 63-5LS-2 L 382.7 55.5 389.6 56.5 59.92 8.69 10 :a 
.. -- -- --- -- -- --
''',;: 
-\' 
"~ 
.. AVG: 385.0 55.8 391.9 56.8 59.16 8.58 12 :.; 
1:1 
1:1 1.60 .063 2 63-2TS-1 T 396.5 57.5 403.4 58.5 62.74 9.10 13 & 1.60 .063 2 63-2TS-2 T 389.6 56.5 399.9 58.0 64.88 9.41 12 
.. 1.60 .063 3 63-3TS-1 T ~ 57.0 403.4 58.5 ~ 9.60 E. "II 
~ -III AVG: 393.0 57.0 402.2 58.3 64.61 9.37 12 ,2 
~ 3.18 .125 2 125-2LS-2 L 386.1 56.0 396.5 57.5 57.37 8.32 13 ~ 
!I;p 3.18 .125 2 125-215-1 L *. 393.0 57.0 59.84 8.68 12 I ~ 3.18 .125 5 125-5LS-2 L 396.5 57.5 403.4 58.5 58.33 8.46 * ~ 
E AVG: 391. 3 56.8 397.6 57.7 58.54 8.49 12 cg 
c: 
:! 3.18 .125 1 125-lTS-1 T 396.5 57.5 403.4 58.5 57.23 8.30 12 ~ 
II 3.18 .125 2 125-2TS-1 T 399.9 58.0 406.8 59.0 60.12 8.72 13 ...... 
'" 3.18 .125 3 125-3TS-1 T 393.0 57.0 199.9 58.0 60.95 ~ 12 
II 1:1 AVG: 396.5 57.5 403.4 58.5 59.43 3.62 12 
I 6.35 .250 2 250-2LS-2 L 393.0 57.0 403;4 58.5' 60.47 8.77 12 
Ii 6.35 .250 4 250-415-1 L 382.7 55.5 393.0 57.0 60.40 8.76 12 
~ 6.35 .250 4 250-4LS-2 L 382.7 55.5 393.0 57.0 58.68 8.51 12 
'I -- -- -- -- -- --
~ AVG: 386.1 56.0 396.5 57.5 59.85 8.68 12 
~ !II 6.35 .250 1 250-1TS-3 T 396.5 57.5 406.8 59.0 57.78 8.38 12 
.. 6.35 .250 3 250-3TS-2 T 393.0 57.0 410.3 59.5 64.61 9.37 12 
6.35 .250 3 250-3TS-3 T 403.4 58.5 410.3 ~ ~ 8.67 11 
AVG: 397.8 57.7 409.1 59.3 60.74 8.81 12 
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,. -c ~, :~ ~, z~ ~' em ~,: TABLE A-5. MECIiAlflCAL PROPERTIES OF AS-RECEIVED Z124-T851 ALUMINUM ALLOY PLATE AT 144"K (-ZOO"F) ~ £ 
. -~ ~" z I _ 
~" F k' C PLATE SPECI'!EN TEST ty ~1" n NO. LOCATION* NO. DIRECTION MFa kg. 
"II -- ---~ ~-:. i .2 !UP ~J..-l. L .:J.> .... ,; 
,,;;. ~ Z Middle 2L-2 L 527. ,. 
!" III 
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LOp 
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Top 
Top 
.lL-.l. 
1TR-3 
4TR-1 
5TR-1 
I. 
T 
T 
T 
AVG: 
AVG: 
• Location in 3 5.08 em (2.0 inch) thick plate. 
** Extensometer Blipped off specimen. 
~ 
534.4 
•• 
506.8 
506.8 
506.8 
77.5 
76.5 
7B.5 
77.5 
_. 
73.5 
73.5 
73.5 
F 
MPa 
565.4 
572.3 
575.7 
571.1 
558.5 
555.0 
555.0 
556.2 
tu 
~ 
82.0 
83.0 
83.5 
82.8 
81.0 
80.5 
80.5 
80.7 
Modulus 
103MPa 
81.64 
83.29 
81.84 
82.Z6 
•• 
81.98 
79.43 
80.71 
106psi 
11.8 
12.1 
11.9 
11.9 
.-
11.9 
11.5 
11.7 
Elongation, r. 
(5.0Bcm sage length) 
8 
8 
_8_ 
8 
8 
7 
8 
8 
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TABLE A-6. ROOH TEHPERATURE HEClIANICAL PROPERTIES OF AS-P.ECElVED 2124-T851 ALDHINDH ALLOY PLATE 
!: 
n 
Q 
PLATE SPEClMEti TEST F ty F Modulus Elongation, % 
* 
tu 
~ LOCATION NO. DIRECTION ~ ~.!. ~ ksi 103m>a 106psi (5.08 em !laB" length) 
0 
I 
~ 
1 Top IL-1 L 486.1 70.'; 510.2 74.0 72.40 10.5 10.0 
1 ~1iddle IL-2 L 468.9 68.0 503.3 73.0 73.78 10.7 9.0 
1 90ttom IL-3 L 482.7 70.0 506.8 73.5 71.71 10.4 9.0 
I" 
Q AVG: 479.2 69.5 506.8 13.5 72.40 10.5 9.3 
0 
& 
i 
1 Top IT-1 T 465.4 67.5 499.9 72.5 72.40 10.5 9.5 
1 llidd1e IT-2 '£ 461.9 67.0 493.0 71.5 73.09 10.6 9.5 
5 Bottom 5T-3 T 468.9 68.0 499.9 72.5 71.02 10.3 ~ 
AVG: 465.4 67.5 497.8 72.2 72.40 10.5 9.5 
z. 
= I l> , ..... ~ 
• Location in a 5.08 cm (2.0 inch) thick plate 
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TABLE A-r. MECHANICAL PROPERTIES OF AS-RECEIVED 2124-T851 ALUMINID! ALLOY PLATE AT 450'K (350'F) 
PLATE SPECIMEN TEST 
T F Hodulus Elongat ion,. % ty tu 
10\!Pa 106 psi 
~ LOCATION* NO. DIRECTION ~ ksi ~ ksi 
(S.08cm gage 1.eJl...&tJtJ 
2 Bottom 2L-3 L 365.4 53.0 375.8 54.5 
61.16 8.87 16 
3 Middle 31-2 L 351.6 51.0 372.3 54.0 
62.40 9.05 17 
3 Bottom 3L-3 L W!:2. Th2. 382.6 ~ 59.99 hlQ 
15 
AVG: 361. 9B 52.5 377.2 54.7 61.16 B.B7 16 
5 Middle 5T-2 T 358.5 52.0 362.0 
52.5 61.09 8.B6 14 
4 Middle 4T-2 T ** ** 368.9 
53.5 ** ** 14 
4 Bottom 4T~3 T ~ ,ll& 376.5 ~ ~ 9.22 
15 
AVG: 362.0 52.5 16B.9 53.5 62.33 9.04 14 
* Location in a 5.08 em (2.0 inch) thick plate 
** Extensometer slipped off specimen 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
Appendix B 
RESULTS OF ELASTIC COMPLIANCE CALIBRATION 
MOCElI53 
OCiotill1974 
The following data tables incorporate the compliance/crack length data 
obtained from ca 1 i brati ons of the center cracked tensi on specimen used in thi s 
program. Details concerning the test equipment and procedure used can be found 
in Section 3.1. 
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t:I MIll. APPliED LOAD. P 
I DISPLACEMENTS AT: 
£ O,SP 
'. 1% 
I 
0.6P 
0.7P 
O.OP § 
~ 0.9P 
I) P 
0 
I 
J 
CO!iPLlAl!CE. C 
,'~ 
~ 
• 
III 
ao 
• .. 
MN 
Kips 
IlJIl 
10"'3 in 
IIID 
10-3 in 
11m 
10-3 in 
I1IIl 
10-3 in 
... 
10-3 in 
ton 
10-3 in 
,- ,~.-.--.--~.~--"""""",,"----,--------
TABLE B-1 
LOAD/DISPLACEMENT DATA FOR 2024-T861 SPECIMEN 63-2L4 AT 
298°K (70°F), BUCKLING RESTRAINED 
(thickness: 1.60 IDOl or .063 inch) 
RATIO OF CRACK LElIGTH TO sPECIH£N WIDTH. 2a/w 
.043 .085 .128 .171 .213 .256 .259 .341 .384 .427 .469 .512 
0.071 0,053 0.044 0.036 0.031 0'027 0.027 0,022 0.022 0.022 0,018 0.018 
16.0 12.0 10.0 8.0 7.0 6.0 6.0 5.0 5.0 5.0 4.0 4.0 
.555 .597 .640 .683 
0.018 0.013 0.013 0.013 
4.0 3.0 3.0 3.0 
0.02450.03760.04860.05110.05430.0553 0.06560.06280.07170.08130.0720 0.08800.0993 0.0823 0.0940 0.1078 
.964 1.481' 1.914 2.012 2.137 2.179 2,584 2.472 2.822 3.199 2.836 3.464 3.911 3.241 3.702 4.246 
t~~~2tg1~5 g:m6 g:~~~5 g:g~&1 tg~:5 t~:g9 g:m7 g:~~~7 g:~gg4 g:m8 tm5 g:~~ ~:~~~8 ~:n~o g: 1:~3 
~:~~~51mo g:~~~6 ~:~~~9 g:~~~2 g:m61 g:m5 g:m9 t mo tm8 t 1~~5 g:~~ro g:~~~4 ~:m2 g;~~~9 ~: l~~o 
0.04150.06390.08160.08660.09260.094740.11180.1068 0.121'7 0.1377 0.1231 0.1465 0.1660 0.1387 0,1568 0.1785 
1.634 2.514 3.2133.408 3.646 3.730 4.400 4.205 4.791 5.420 '4.847 5.769 6.537 5.462 6.174' 7.026 
,0.04150.07270.09330.0983 0.1054 0.1082 0.12700.1217 0.1384 0.1558 0.1398 0.1650 0.1884 0.1575 0,1785 0.2026 
1;8722.864 3.674 3.869 4.149 4.260 5.0014.791 5.448 6.132 5.50.4 6.495 7.417 6.202 7.026 7.976 
0.05320.08200.1047 0.U03 0.H85 0.1213 0.14260.13620.15470.17390.1561 0"845 0.2107 0.1767 0.1994 0.2267 
2.095 3.227 4.121 4.344 4.666 4.777 5.615 5.364 6.090 6.845 ,6.146 7.264 8.297 6.956 7.850 8.926 
1JII!r ,0.810 1.656 2.520 3.334 4.116 4.948 
10-in/lb 0.1420.290 0.441 0.584 0.721 0,867 
5. 766 ~,605 7.460 8.323 9.428 10.832 12.488 14.166 IS,B06 17.8llS 
1.010 1.157 1.307 1.458 1.651 1.897 2.1B7 2.481 2.768 3,119 
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MAx APPLIED. LOAO, P 
OISPACEMENTS AT: 
.5P 
.6P 
.7P 
.8P 
.9P 
P 
COMPLIANCE. C 
,-,-\' 
TABLE B-2 
LOAD/DISPLACEMENT DATA FOR 2024-T861 SPECIMEN 63-2L4 AT 
29SoK (70°F), BUCKLING UNRESTRAINED 
(thickness: 1.60 mm or .063 inch) 
RATIO OF CRACK lEfmTH TO SPECIMEN WIDTH. 2a/w 
.043 .085 .128 .171 .213 .256 .299 .341 
MN 0.071 0.053 0.044 0.036 0.031 0.027 0.027 0.022 
Kips 16.0 12.0 10.0 8.0 7.0 6.0 6.0 5.0 
.:3 11111 0.0252 0.0398 0.0500 0.0521 0.0568 0.0578 0.0692 0.0663 
10 :11 0.992 1.565 1.928 2.053 2.235 2.277 2.724 2.612 
10-3 : 
0.0309 0.0486 0.0600 0.0639 0.0692 0.0710 0.0B45 0.0816 
1.215 1.914 2.361 2.514 2.724 2.794 3.325 3.213 
10-3 ~ 0.0366 0.0571 0.0710 0.0756 0.0823 0.0837 0.0997 0.0958 1.439 2.249 2.794 2.975 3.241 3.297 3.925 3.772 
"'" 
0.0426 0.0660 0.0816 0.0873 0.0947 0.0965 0.1150 0.1110 
10.3 in 1.676 2.598 3.213 3.436 3.730 3.799 4.526 4.372 
"'" 
0.0483 0.0749 0.0930 0.0990 0.1075 0.1100 0.1299 0.1260 
10.3 in 1.900 2.947 3.660 3.897 4.232 4.330 5.113 4.959 
"'" 
0.0543 0.0837 0.1043 0.1107 0.1203 0.1231 0.1451 0.1402 
10-3 in 2.137 3.297 4.107 4.358 4.735 4.847 5.713 5.518 
""'/~' 0.617 1.646 2.462 3.290 4.062 4.663 5.686 6.646 W- In/1b 0.143 0.268 0.435 0.576 0.715 0.655 0.996 1.164 
.384 .427 .469 
0.022 0.022 0.018 
5.0 5.0 4.0 
0.0781 0.0919 0.0839 
3.073 3.£18 3.283 
0.0958 0.1118 0.1029 
3.772 4.400 4.051 
0.1121 O.13n 0.1224 
4.414 5.16< 4.819 
0.1292 C.HOB 0.1416 
5.085 5. 9~'7 5.573 
0.1458 0.1703 0.1611 
5.741 6.705 6.342 
0.1622 0.1902 0.1820 
6.364 7.467 7.166 
7.548 6.619 11.029 
1.322 1.545 1.932 
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TABLE B-3 
LOAD/DISPLACEMENT DATA FOR 2024-TB61 SPECIMEN 125-2L4 AT 
.043 
29S0K (70"F). BUCKLING RESTRAINED 
( thicknes s : 
.085 .128 .170 
3.1B rom or 0.125 inch) 
RATIO OF CRACK LENGnl TO SPECIMEN WIDTH. 2a/w 
.213 .255 .298 .340 .383 .426 .468 .511 .553 .596 .638 .681 
MAX. APPLIED LOAD. P MN 
Kips 
0.133 0.OB9 0.OB9 0.061 0.067 0.044 0.044 0.044 0.044 0.044 0.036 0.036 0.031 0.0
31 0.021 0.027 
30.0 20.0 20.0 15.0 15.0 10.0 10.0 10.0 10.0 10.0 B.O 8.0 1.0 .7.0 
6.0 6.0 
DISPLACEMENTS AT: 
.5P 
.6P 
.IP 
.8P 
.~~ 
P 
C[iI\PLlANCE. C 
"" 10-3 in 
"" 10-3 in
"" 10-3 in
"" 10-3 in 
mm 
10-3 in 
"" 10- 3 in 
0.023B 0.0330 0.0491 0.0419 0.0600 0.0461 0.05640.06530.0163 0.OB51 0.07660.873 0.OB55 0.09
90 0.0941 0.1082 
0 .• 36 1.299 1.956 1.8B6 2.361 1.816 2.221 2.510 3.003 3.352 3.017 3.436 3.366 3.89
7 3.130 4.260 
0.02Bl 0.04010.0603 0.05B2 0.0135 0.0568 0.0692 0.0802 0.0937 0.10410.0937 0.106B 0.1047 0.11
99 0.1153 0.1302 
1.131 1.57B 2.375 2.291 2.B92 2.235 2.724 3.151 3.6B8 4.121 3.6BB 4.205 4.121 4.12
1 4.540 5.126 
0.0341 0.0472 0.0110 0.06B5 0.0866 0.061B 0.0820 0.0951 0.1101 0.123B 0.1110 0.1260 0.12420.14
160.13590.1529 
1. 341 1. B5B 2.194 2.696 3.408 2.610 3.221 3.144 4.35B 4.815 4.372 4.9594.BB9 5.51
3 5.350 6.020 
0.0394 0.0546 0.OB23 0.0791 0.1001 0.018B 0.0951 0.1100 0.1271 0.1433 0.1281 0.1458 0.1433 0.16
32 0.1561 0.1160 
1.551 2.151 3.241 3.115 3.939 3.101 :'.144 4.330 5.029 5.643 5.043 5.741 5.643 6.42
5 6.146 6.928 
0.0443 0.0611 0.0930 0.0905 0.1135 0.0901 0.101B 0.1252 0.1455 0.1625 0.1458 0.1650 0.1622 0.18
45 0.1767 0.1990 
1.146 2.431 3.660 3.562 4.410 3.54B 4.246 4.931 5.121 6.398 5.741 6.495 6.3B4 1.26
4 6.956 7.836 
0.0500 0.0688 0.1043 0.100B 0.1210 0.1011 C.1210 0.1405 0.1622 0.1824 0.1632 0.1845 0.1813 0.20
54 0.1973 0.2221 
1.910 2.710 4.101 3.961 5.001 3.9B1 4.163 5.532 6.3B4 7.1BO 6.426 7.264 1.138 8.0B
B 7.767 8.744 
""/~N 0.393 0.80B 1.228 1.592 2.00B 2.479 2.903 3.3BO 3.B65 4.362 4.869 5.464 6.154 6.86
1 7.676 B.554 
10' in/lb 0.069 0.142 0.215 0.279 0.352 0.434 0.50B 0.592 0.671 0.164 0.853 0.957 
1.078 1.201 1.344 1.49B 
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MAX APPLIED. LOAO. P 
OiSPlACE'offNTS AT: 
.5P 
.6P 
.7P 
.8P 
.9P 
P 
COMPLlAr4CI:.. C 
,'r: 
TABLE B-4 
LOAD/DISPLACEMENT DATA FOR 2024-T861 SPECIMEN 125-2L4 AT 
Mil 
Kips 
"'" 10-3 in 
"'" 10.3 in 
"'" 10.3 in 
10~3 : 
pm 1O~3 in 
pm 
10.3 in 
298·K (lO·F), BUCKLING UNRESTRAINED 
(thickness: 3.18 mm or 0.125 inch) 
RATIO OF CRACK LENGTH TO SPECIMEN WIDTH. 2./w 
.043 .085 .128 .170 .213 .255 .298 .340 .383 .426 .468 .511 .553 .596 .638 .681 
0.133 0.089 0.089 0.067 0.067 0.044 0.044 0.044 0.044 0.044 0.036 0.036 0.031 0.031 0.027 0.027 
30.0 20.0 20.0 15.0 15.0 10.0 10.0 10.0 10.0 10.0 8.0 8.0 7.0 7.0 6.0 6.0 
0.02450.03300.05140.04900.06170.04970.05850.0699 0.0805 0.0933 0.0841 0.09580.09370.10860.1061 0.1206 
0.964 1.299 2.025 1.928 2.431 1.956 2.305 2.752 3.171 3.674 3.311 3.772 3.688 4.274 4.177 4.749 
0.02940.03980.0621 0.05930.07520.06070.07170.08480.09790.1135 0.1022 0.1164 0.1135 0.1313 0.1274 0.1451 
1.159 1.565 2.445 2.333 2.961 2.389 2.822 3.339 3.855 4.470 4.023 4.582 4.470 5.168 5.015 5.713 
0.03480.04720.0731 0.06990.08870.07170.08480.10040.11570.13380.1206 0.13660.13450.15400.14940.1700 
1.369 1.85" 2.878 2.752 3.492 2.822 3.339 3.953 4.554 5.266 4.749 5.378 5.294 6.062 5.881 6.691 
0.03980.05430.08370.08050.10220.08270.0983 0.1157 0.1334 0.1533 0.1384 0.1572 0.1543 0.1770 0.1717 0.1951 
1.565 2.137 3.297 3.171 4.023 3.255 3.869 4.554 5.252 6.034 5.448 6.188 6.076 6.970 6.761 7.683 
0.0451 0.06140.09470.0915 0.11570.09400.11140.13090.15080.17390.1568 0.1777 0.1746 0.20010.19410.2207 
1.774 2.417 3.730 3.604 4.554 3.702 4.386 5.154 5.937 6.845 6.174 6.998 6.873 7.878 7.641 8.688 
0.0507 0.0685 0.1057 0.1022 0.1292 0.1054 0.1245 0.1465 0.1685 0.1937 0.1753 0.1987 0.1951 0.2232 0.2164 0.2462 
1.998 2.696 4.163 4.023 5.085 4.149 4.903 5.769. 6.635 7.627 6.900 7.822 7.683 B.786 8.521 9.694 
"",/1<1 0.392 0.801 1.221 1.600 2.021 2.502 2.971 3.447 3.959 4.512 5.118 5.773 6.518 7.364 8.287 9.419 
10-6 in/lb 0.069 0.140 0.214 0.280 0.354 0.438 0.520 0.604 0.693 0.790 0.896 1.011 1.141 1.290 1.451 1.650 
Ii l.n 
8:"" 
_ii 
>'" z. 
CI'" 
N n is Ii!! 
cHl 
!!lCl 
"" ;!
~ 
I~ 
-'" 
--~:;;!!ll 
" 2 
J> 
r-
:D 
m 
" o
:r 
J:, 
~ . ~~:~'I:.~~i~jd~l;lli~"'''''&;J!.''~i6;~iY>il.i>'i~,jg'''';~:'i~'s.:?2j;-"~~.;.Bili,".J':ill".7:0J.:::"il"'i~j;,,,;J:I'':;'';:'~.~'k~'i''~''.,;,J,d~,*.:.~;;.if""'~~~~'';;'~'" "'i'i'''i'",,".d'";''biW;''i14'ii'''~i;",:i;;;~jJ; 
"". ' -----------I!I!I!!!lll!!lilliliil!tJL!!Ii!l!lI!l,It'J;I!iiI!li!!lW_~· . F .. l!~M_i!gg:j;;;iJ. __ .,' II! E" .. 
!!SJ ; , ... 
TABLE B-5 
LOAD/DISPLACEMENT DATA FOR 2024-T861 SPECIMEN 250-4T4 AT 144°K (-2000F) 
(thickness: 6.30 mm or .248 inch) ~ 
II 
~ 
0 
it 
it 
~ 
RATIO OF CRACK LErmTH TO SPECIMEN WIDTH. 2a/w ,. 0.085 
.170 
.256 
.341 .426 
.511 
.596 1:1 MAX. APPLIED LOAO~ P lIN 0.200 0.133 0.111 0.089 0,080 0.067 0.058 
0 
Kips 45.0 30.0 25.0 20.0 18.0 15.0 13.0 ~ OISPLACEMENT AT, ,. 
~ 
IIl1J 0.0309 0.0415 0.0507 0.0539 0.0710 0.0805 0.0788 
UI 0.5P 10-3 in I. 215 1.634 1.998 2.123 2.794 3.171 3.101 ~ IIl1J 0.0369 0.0511 0.0617 0.0660 0.0851 0.0965 0.0951 
UI 0.6P 10-3 in 1.453 2.012 2.431 2.598 3.352 3.799 3.744 ~ CO I om 0.429 0.0600 0.0731 0.0781 0.0993 0.1121 0.1114 0 Ol 0.7P 10-3 in 1.690 2.361 2 .. 878 3.073 3.911 4.414 4.386 ~ om 0.0497 0,0685 0.0851 0.0905 0.1139 0.1277 0.1270 c: 0.8P 10-3 in 1.956 2.696 3.352 3.562 4.48' 5.029 5.000 :J 
0.0553 0.0777 0,0955 0.1029 0.1284 0.1437 0.1433 
II om UI 0.9P 10-3 in 2.179 3.059 3.758 4.051 5.057 5.657 5.643 II IIl1J 0.0617 0.0866 0.1078 0.1150 0.1426 0.1597 0.1597 ~ P 10- 3 in 2.431 3.408 4.246 4.526 5.615 6.286 6.286 COMPLIANCE, C IlIlJ/WN 0.309 0.671 1.024 1.376 1.794 2.367 2.791 ! 10- inllb 0.054 0.118 0.179 0.241 0.314 0.415 0.489 it 
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0.0855 
3.366 
0.1015 
3.995 
0.1175 
4.624 
0.1338 
5.266 
0.1497 
5.895 
0.1664 
6.551 
3.633 
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MAX. APPLltO LOAD. P 
DISPLACEMENTS AT: 
O.5P 
G.6P 
G.7P 
O.8P 
0.9P 
P 
COMPLIANCE. C 
TABLE B-6 
LOAQ/DISPLACEMENT DATA FOR 2024-T861 SPECIMEN 25G-4T4 AT 298°K (70°F) 
Mo' 
Kips 
3 Iff'l 
10- in 
"'" 10- 3 in
_ 101ll 
10-" in 
mm 
10-3 in 
"" 10- 3 in
"'" 10- 3 in
0.043 
0.267 
60.0 
(thickness: 
0.085 
0.200 
45.0 
. 128 
0.156 
35.0 
.170 
0.133 
30.0 
6.30 mm or .248 inch) 
RATIO OF CRACK LENGTH TO SPECIMEN WIDTH. 2c/w 
.213 .256 .298 .341 .383 .426 .469 .511 .554 .596 .639 .681 
0.111 0.111 0.089 0.089 0.089 0.08G 0.076 0.067 0.062 O.U~ij O.uSl 0.044 
25.0 25.0 20.0 20.0 20.0 18.0 17.0 15.0 14.0 13.0 12.0 10.0 
0.0248 0.0394 0.0444 0.0497 0.0518 0.0631 0.0600 0.0692 0.0788 0.0813 0.0859 0.0851 0.0873 0.0905 0.0958 0.0919 
.978 1.551 1.746 1.956 2.039 2.486 2.361 2.724 3.101 3.199 3.380 3.352 3.436 3.562 3.772 3.618 
0.03020.04720.05390.0600 0.0624 0.0759 0.0723 0.0834 n.·~944 0.0983 u.l040 0.1025 0.1065 0.1100 0.1160 0.1114 
1.187 1.858 2.123 2.361 2.458 2.9B9 2.850 3.283 3.716 3.869 4.093 4.037 4.191 4.330 4.568 4.386 
O.03~~ 0.0553 0.0628 0.0699 0.0731 0.08940.08480.09830.11180.11570.12240.1213 0.12490.12880.13590.1309 
1.397 2.179 2.472 2.752 2.878 3.520 3.339 3.870 4.400 4.554 4.819 4.777 4.917 5.071 5.350 5.154 
0.04080.06350.0720 0.0805 0.0831 0.1029 0.0916 0.1128 0.1281 0.13230.1405 0.1394 0.14330.14900.15680.1501 
1.606 2.500 2.836 3.171 3.297 4.051 3.841 4.442 5.043 5.210 5.532 5.490 5.643 5.867 6.174 5.909 
0.0461 0.07200.08090.09120.09440.11600.10960.12740.144· n.1494 0.1586 0.1575 0.1625 0.16890.17630.1700 
1.B16 2.336 3.185 3.590 3.716 4.56" 4.316 5.015 5.685 5.881 6.244 6.202 6.398 6.649 6.942 6.691 
0,05140.08020.0905 0.10180.1050 O. 128B 0.1228 0.1416 0.16180.16600.17700.17560.18100.18910.19730.1895 
2.025 3.157 3.562 '.009 4.135 5.071 4.833 5.573 6.370 6.537 6.970 6.914 7.124 7.445 7.767 7.459 
",/M" 0.199 0.'09 0.588 0.782 0.959 l.lBB 1.410 1.633 I.B67 2.118 2.410 2.724 3.004 3.409 3.797 4.385 
10-6 io'1b 0.03'9 0.0717 0.103 n.137 0.168 0,200 0.247 0.286 0.327 0.371 0.422 0.477 0.526 0.597 0.665 0.768 
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~ TABLE B-7 
LOAD/DISPLACEMENT DATA FOR 2024-T861 SPECIMEN 250-4T4 AT 450 0 K (350°F) 
(thickness: 6.30 mm or .248 inch) 
~ 
n 
CI 
i ;e RATtO Of CRACK lENGTH TO SPECIMEN WIDTH, 2c/w 
~ 0.OB5 0.170 0.256 0.341 0.426 0.511 0.596 
I-
CI Q 
MAX. APPLIED LOAD. P MN 0.200 0.133 0.111 0.069 O.:dO 0.067 0.056 
Kips 45.0 30.0 25.0 20.0 18.0 15.0 13.0 
r:: DISPLACEMENTS AT: 
CI 
I-
~ "'" 
0.0429 0.0543 0.0575 0.0635 0.0741 0.0651 0.1040 
10- 3 in 1.690 2.137 2.263 2.500 2.919 3.352 4.093 O.5P 
11\ 
~ 
11\ 
~ ." I Q 0> 
~ 
r:: 
~ 
~ 
n 
mm 0.0518 0.0656 0.0717 0.0791 0.0927 0.1047 0.1260 
10-3 in 2.039 2.564 2.622 3.115 3.650 4.121 4.959 
"" 
0.0607 0.0766 0.0659 0.0951 0.1114 0.1245 0.1460 
10- 3 ir. 2.369 3.017 3.360 3.744 4.366 4.903 5.625 . 
"m 0.0699 0.0676 0.1001 0.1110 0.1302 0.1446 
0.1700 
10- 3 in 2.752 3.450 3.939 4.372 5.126 5.699 6.691 
om 0.0791 0.0993 0.1146 0.1267 0.1497 0.1639 0.1923 
10-3 in 3.115 3.911 4.512 4.967 5.695 6.453 7.571 
"" 
0.0667 0.1107 0.1292 0.1423 0.1676 0.1642 0.2136 
10-3 in 3.492 4.356 5.065 5.601 . 6.607 7.250 6.409 
06> 
O.7P 
0.6P 
0.9P 
> 
Q 
~ 
~ 
"",/MN 0.456 0.645 1.290 1.776 2.393 2.969 3.803 
10-6 in/lb 0.0602 0.146 0.226 0.311 0.419 0.520 0.666 
COMPLIANCE. C 
;e 
"C 
• 
~ 
11\ 
.. 
0.661 
0.044 
10.0 
0.1022 
4.023 
0.1235 
4.661 
0.1444 
5.665 
0.1660 
6.537 
0.1664 
7.417 
0.2093 
8.241 
4.631 
0.846 
"·,r·> _'>-"'" 
~i 
!,'" !ii 
..... 
:z~ 
e", 
=i f:! 
;!g 
~CI 
.. 
;! 
iii 
o 
:l.i§ It", 
-'" 
--... 
:;;lHl 
." 
:2 
l> 
.... 
:a 
m 
." 
o 
~ 
. '. .. 
~ 
t-
:t 
~\'):'BL}~'2!t1';i~~~f~;~~i..;i~~&E~~~.i~~l1i.i:..:i,;~'~~i.';:;~~;:;;i;';;~i""'~'~~~i~~:,;'S.~tz; :,~~\lt}:k~_,L,;';;,,;0..:.::i~.6:"'i.i...:~.;:l~.:J~~;t'> ~\ ;-*-';U:2.ci;;;;:'1i~~ii~~~;:I':~' . :i,~~~,i~ . .M';h;"i.;~;~;~-;,,4.~. '-'-'k '~";'(@"- ;"r6'¥';'6;'~(" c:~~~ 
·~\> 
F 
f 
'_-,,0 
Je 
--:~:': 
,,~y 
",-=--
I"""',',,',,,',' i,:-\-~' ,. 
)\:' 
I 
~ 
i 
~ 
i ~ 
c: 
:! 
~ 
i 
! 
I 
'C 
• 
~ 
1/1 
" 
"",Fe, ""j"e' j' ,'"" ,"";C,''N'''"''''''j'"'''jjj "jj'""",~ :" "V"'j",,,,,,-,,,,,,,, _ '_<'j,, __ ,,<.''',,- - o"~:r'r"i ,'" '~_,.' '; ",~ 
"'" I 
'" 
MAX, APPLIED LOAD 
DISPLACEMENTS AT: 
D,5P 
0.6P 
O.lP 
0.8P 
0.9P 
P 
COMPLIANCE. C 
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TABLE 8-8 
LOAD/nrSPLACEMEtIT DATA FOR 2124-T851
 SPECIMEN 1T7-453-1 AT 298°K (70°F) 
MIl 
Kips 
nm 
10.3 in 
nm 
10-3 in 
3 r.m 
10- in 
IlIl1 
10-3 in 
"" 10. 3 in
"" 10- 3 in 
(thickness: 
0.043 0.085 
0.518 0.400 
130 90.0 
0.128 
0.3il 
10.0 
0.111 
0.261 
60.0 
11.43 mm or .450 inch) 
RATIO or CRACK LENGTH TO SPECIMEN WIDTH. 2e/_ 
0.213 0.256 0.299 0.341 0.384 0.426 0.469 
0.512 
0.222 0.222 0.111 0.119 0.111 0.133 0.133
 0.133 
50.0 50.0 40.0 40.0 40.0 30.0 30.0 
30.0 
0.554 
0.133 
30.0 
C.597 
0.111 
25.0 
0.640 
0.111 
25.0 
0.682 
0.111 
25.0. 
0.03660.04820.05540.06380.06610.01890.0161
0.0884 0.1002 0.0819 0.0985 0.10910.12320.115
90.12930.1433 
1.441 1.896 2.182 2.513 2.601 3.108 2.998 
3.482 3.945 3.460 3.819 4.320 4.849 4.563 
5.092 5.643 
0.04250.05110.06610.01560.01890.09350.0896
0.1041 0.1181 0.10300.11590.12930.14450.136
00.15230.1685 
1.615 2.210 2.601 2.976 3.108 3.681 3.521
 4.100 4.651 4.056 4.563 5.092 5.681 5.35
6 5.995 6.634 
0.04980.06660.01610.08190.09010.10860.103
6 0.1198 0.1366 0.11810.13320.14890.16630.15
680.11520.1943 
1.962 2.623 3.020 3.460 3.511 4.216 4.018
 4.111 5.318 4.651 5.246 5.863 6.546 6.11
2 6.899 1.648 
0.05110.01610.08190.10020.1030 0.12310.111
60.13600.15510.13320.15060.1691 0.18920.11
150.19880.2206 
2.248 2.998 3.460 3.945 4.056 4.811 4.629 
5.356 6.105 5.246 5.929 6.656 1.450 6.981 
1.825 8.684 
0.06380.08560.09850.11200.11590.13830.1310
 0.1523 0.1130 0.1495 0.1619 0.1892 0.21110.198
2 0.22110.2458 
2.513 3.312 3.819 4.408 4.563 5.444 5.158 
5.995 6.811 5.885 6.612 1.450 8.310 1.803
 8.106 9.616 
0.0111 0.09520.10920.12430.12160.15390.1456
0.1685 0.1920 0.1652 0.1864 0.20880.23350.218
30.24410.2121 
2.199 3.141 4.298 4.893 5.025 6.061 5.131 
6.634 1.560 6.502 1.340 8.221 9.191 8.596 
9.610 10.112 
mm/HN 0.120 0.234 0.348 0.451 0.554 0.
614 0.111 0.902 1.034 1.159 1.313 1.490 
1.656 1.850 2.061 2.318 
10-6 in/1.0.021 0.041 0.061 0.019 0.091 0
.118 0.136 0.158 0.181 0.203 0.230 0.261 
0.290 0.324 0.362 0.406 
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FRACTURE MECHANICS DATA FOR 
21t!~-T861 AND 2124-T851 
FINAL REPORT 
APPENDIX C 
FRACTURE TOUGHNESS TEST DATA 
MDC E1153 
Octolllr1914 
This appendix contains all the fracture tou
ghness test data generated under 
the program. Because of the great quantity
 of data, it is divided into sections 
according to aHoy, specimen thickness, and
 buckling constraint, as follows: 
Section 
Nominal Specimen Constraint 
Thickness 
!!J!!!. in 
Cl 2024-T861 1.60 
.063 Stiffened 
C2 2024-T861 1.60
 .063 Un st i ffened 
C3 2024-T861 3.18 
.125 Stiffened 
C4 2024-T861 3.18 
.12.5 Unstiffened 
C5 2024-T861 6.35 
.250 Unstiffened 
C6 2124-T851 6.35 
.250 Unstiffened 
C7 2124-T851 11.43 
.450 Unstiffened 
The data in each section is presented in bo
th graphical and tabular format. 
At the beginning of each section, a summary
 table is provided which includes per-
tinent specimen test data, critical stress 
intensity (Kc) values, and information 
as to the location of the tabular ~Ild graph
ical fracture resistance data for each 
specimen. The critical stress intensity v
alues listed in these summary tables were 
obtained from the fracture resi stance curve
 for each specimen, 'as descri bed in 
Section 3.4. For some specimens, no Kc val
ues are reported because net section 
yieldin'g occurred prior to fracture; such i
nstances are denoted by (*). 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T8SI 
FINAL REPORT 
SECTION Cl. FRACTURE TOUGHNESS TEST DATA FOR 1.60 mm 
(.063 INCH) THICK 2024-T861, BUCKLING RESTRAINED. 
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Specimen 
rl~ber 
63-ILla 
63-1Ll4 
63-2ll 
63-4L4 
63-filf 
63-IL16 
53-6Lfi 
63-6LS 
6J-2L 14 
63-2L8 
63-6T2 
63-5112 
63-118 
63-3T4 
53·fill 
63-319 
63-STlI 
63·615 
63-7T2 
Tempera-
ture (K\ 
'44 
'44 
'44 
14' 
'" 
'" 
'" 
450 
450 
45' 
14' 
14' 
,44 
'" 
'" 
'" 
450 
450 
450 
Orien-
tation 
L 
L 
L 
L 
L 
L 
L 
L 
L 
T 
T 
T 
T 
T 
T 
T 
T 
T 
Specimen Uimens iOlls 
Thickness Width 
IIltl in em 
1.65 
1.65 
l.b~ 
1.63 
1.64 
\.64 
1.65 
1.65 
1.64 
1.64 
1.65 
1.66 
1.6] 
1.63 
].64 
1.63 
1.67 
1.64 
1.66 
.0648 
.0649 
.0647 
.0640 
.0641 
.0644 
.0648 
.0648 
.0644 
.0644 
.0650 
.0652 
.0643 
.0640 
.0647 
.0640 
.0658 
.0647 
.0652 
,~9. 787 
29.799 
29.756 
29.794 
29.812 
29.801 
29.784 
29.782 
29.789 
29.719 
29.799 
29.194 
29.174 
2S.782 
29.782 
29.794 
29.189 
29.171 
29.771 
Compliance gage slipped on knife edges. 
... Recorder malfunction prior tD failure. 
Specimen fatli!:t in the grips. 
TABLE C1-1. 
Fracture Toughness Tes.t Data for Z024-TB61 Spedmens 
{1.60 IlIIl (.063 inch) Thick. Buckling fl,estr4ined) 
i, 
1 \.727 
11.132 
11.715 
11. 730 
11. 737 
11.135 
11. 726 
11.125 
11. 728 
11.724 
11.732 
11. 73D 
11. 722 
11.725 
11.725 
11.730 
11. 728 
11.721 
11.721 
Precrack 
Length 
mm in 
BZ.7J 
88.09 
25.35 
12.75 
81.76 
48.62 
12.17 
98.42 
80.62 
63.09 
88.54 
25.17 
81.79 
43.36 
12.40 
98.42 
63.63 
81.61 
3.26 
3.41 
1.00 
.50 
3.22 
1. 91 
.4B 
3.88 
3.17 
2.48 
3.49 
.99 
3.22 
1.71 
.49 
3.88 
2.50 
3.21 
Precrack 
Load 
kll kip 
26.7 
26.7 
53.4 
84.5 
31.1 
44.5 
89.0 
48.9 
35.6 
62.3 
22.2 
48.9 
26.7 
44.5 
80.1 
44.5 
57.8 
35.6 
• 
'.0 
'.0 
12.0 
19.0 
7.0 
10.0 
20.0 
11.0 
8.0 
14.0 
5.0 
11.0 
'.0 
10.0 
18.0 
10.0 
13.0 
8.0 
Failun: 
'" 
CO., 
kip 
62.6 
70.6 
122.1 
167.3 
68.3 
93.6 
169.5 
111.2 
115.2 
136.8 
53.0 
99.2 
66.9 
85.9 
139.0 
97.4 
105.9 
109.2 
• 
14.1 
15.9 
27.5 
37.6 
15.4 
21.0 
38.1 
".0 
25.9 
30.1 
11.9 
22.3 
15.1 
19.3 
31.3 
21.9 
23.8 
24.5 
full Section 
failure Stress 
MPa ksi 
127.8 
143.7 
249.7 
345.4 
139.4 
192.1 
345.6 
226.9 
236.5 
280.8 
107.7 
201.1 
• 
18.5 
20.8 
36.2 
50.1 
A'JG: 
20.2 
27.9 
50.1 
AVG: 
32.9 
34.3 
QO.7 
15.6 
29.2 
Critical Stress 
Intensity. Kc 
HPavrn kSi\l'i'Ti 
51.4 
55.4 
58.4 
58.4 
61.0 
56.7 
65.0 
60.9 
44,' 
50.3 
55.9 
50.~ 
53.2 
53.2 
55.5 
51.6 
59.2 
55.4 
IISY fl. 
NSY 
HSY 
+ 
40.2 
45.8 
AVG: 41.2 43.0 
138.3 
175.4 
287.0 
20.1 
25.4 
41.6 
Al/G: 
56.1 
52.6 
49,7 
52.8 
51.1 
47.8 
45.2 
4B.O 
195.7 
216.4 
221.5 
28.4 
31.4 
32.1 
fiSt 
IISY 
liSY 
Datil 
Table 
",. 
C1-2 
Ct-3 
CI-4 
CI-5 
CI·' 
C1-7 
CI·8 
Cl-9 
Cl-10 
Cl-11 
Cl-12 
+ 
C1-l3 
CI-14 
Cl-15 
Cl-16 
CI-17 
CI-18 
Fi9ure 
"" 
• 
CI,' 
CI·' 
Cl-I 
Ct-3 
CI-3 
C1-3 
Cl-S 
C1·5 
C1-5 
CI·' C1., 
+ 
Cl-4 
Cl-4 
C1-4 
Cl-6 
Cl-6 
Cl-6 
jia::l 
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~ 
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'( 
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~ 
III 
of 
("') 
I 
'" 
- j ': ~'-~ 
<N 
lJ.u 
&&.7 
66.9 
7i1.1 
1u .. 6 
n.3 
.. 
o. " 33.5 
55.7 
oS-.5 
61.1 
86.C 
97.2 
iC2.& 
l:lB.~ 
113.5 
118.7 
122.1 
123.3 
LUihl 
.~'p.' 
1<1 Ps 
.i ... 
15 ... 
l!'h~ 
IS.':; 
15. ;t 
1S.8 
LOAD 
KID'; 
(i. Ii 
7. ~) 
12. :, 
14.7 
ttl • .? 
19.~ 
2!. G 
23.1 
24. ~ 
25.S 
26.7 
27., 
27~7 
K (:-lAX) 
COli 
E-.l 11M [- 3 I~ 
':'.JG 
37&.68 
:!9b.Zlt 
420::. b& 
4ft ... 75 
'* 77.77 
f-' " 
~'. ~ .. 4~. H 
d J .h7 
gG.21'j 
12':. ud 
131+.42 
l'i2.':'2 
ic C::.1t4 
:,7;\ .14 
!,IH.84 
2t: II. 57 
Z21.3~ 
22g.4'. 
U.JO 
llt.63 
.. 5. 6' 
1&.&4 
17.51 
16.61 
K{HAX) 
COi 
~-1 
'" I!.!;jj 
1.Q:' 
.!.!.7 
J.79 
Lt.?5 
5.2'01 
5.gg 
C.51 
7. J1 
7.ft7 
3.':'C:; 
3.71 
g. :? 
SP:;CIHt:N UUHBEfU 
4LLOva 
ORIENTATIotU 
COIliSTRAINTI 
TEST T~HPERATURE' SPECl1f~ T~ICKNESS' 
UU~INi PR~CRACKIN~I 
14 HALF CR.~ck LENGTH 
Hi IN 
44.';4 
44.22 
4 ... ~u 
4&.; 1 
'+a.L4 
51.';1, 
1. 73ft 
1.741 
1.7&4 
1.831 
1.8::15 
2.i.rlU 
SPECIMEN NUHRER, 
o'llOYI 
ORIE~TATIONI 
CONSTRAINTI 
TEST TE~PERATU~E' 
~PEcrHEN THICKNESSI 
iJUI.:!IN~ PRECQIlCI(INGI 
.Go HALf! CP.AC~ LtNr.TH 
"'M I~t 
12.67 .4qq 
12.83 .%5 
:.2.o!} • sn;;. 12.8Z .;J5 
12. III .5:)4 
13.a€. .1314 
13.24 • ;21 13.5S • S3~ 13.75 .542 
13.7:t .543 
14.15 .1)57 
!4.78 .562 
IIi.:'4 • ;~Ii 
TABLE Cl-2 
a.54 HPA SUP.:TlM) ( 
- .~. 
o3·1L14 
202~·T8&1 
LONGITUOINAL 
UNSTIFfENEO 
1~".;i K 1.&~ "" (.D6~ INI 19.&3 KSI SQRTIIN») 
" 
;'~' , .".'Y, 
STRESS 
DELTA A STRESS INTENSITY FULL S£CTION NET SECTION 11M IN MPA SQRf(H) KSI SQRTUN) MPA 
u.C.1i D.BDJ .:i.UO O.CD u.GIi 
.18 .Oil7 53.98 413.13 136.91i 
.7. • J3i. 56.23 51.17 141.47 Z.41 .091 58.53 53.21 143.84 
It.il9 .161 &':'.24 54.62 1 ..... 84 7.60 .276 &2.31 56.7" 1"4.21 
TABLE Cl-3 
63-2l3 
2024-T861 
LONGITUDINAL 
STIFFE t\EO 
11t't. il K 
1.&4 1'111 (.0&5 IN' 
21.88 MPA ~QRT(M) ( 1~.9:' KSI SQRT{r~) 
K51 HPA KSl 
ll.liD a.oo il.Oo 
19.85 194.69 28.23 
2J.52 202.29 Z9.:t''t 
20.8& 209.12 30.33 
21.u", 213.'U 31.03 
2u.91 219.35 31.81 
c)TRESS 
DELTA A 
!"IM IH STRESS INTENSIty MPA SaRT(M) KSI Sa~T(IN) FUll SeCtION NET ~ECTICN MPA KS I "PO. I(sr 
CJ • u u D.DCO !l.ta u.Oli :l.OD ;;. 11:; 0.:10 0.00 
.H • c~o 11.31 12.57 66.ft7 1:1.:33 74.93 lu.81 
.';1 .0:11 22.65 ZO.7C3 111.95 1&.53 1Z,..Cj8 l-R.G7 
.15 • C~ 6 27.01 24.51 133.Qr. 113.42 146.51J 21.26 
.13 .005 33.43 3u.ttJ 1&S.q3 24. JEt lBl.51'l 2E.33 
.39 .utS 36.62 33.32 179.91 2&.'::Q 197.-22 26.6:1 
.57 .022 'tU:.7& 37.1C 196.89 26.'34 218.32 31.H: 
.87 
• C34 43.51 'H.6;:; 211q.67 30.ft] 23ii.SQ 33.48 1.06 .043 46.15 4l.0il 22,j.65 32. Jl 243.35 3S.2Q 1.12 .O~4 48.72 44.34 232.63 :'3.7& ,-;6.63 37.22 
1.lt7 .O~8 51.4& 45.64 242.Bu 35.21 2&6.31 36.91 2.11 .C83 -;4.15 49.26 241:1.76 3&.22 277.12 4J.22 2.46 .097 55.35 5;).37 252.2" 36.58 201l.61 4J.12 
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f 
~; 
t.l ~ ~. 
~: 
:'i 
I 
l-
II 
1:1 
! 
1/1 
~ ; 
1:1 
E 
c: 
~ ~ 
n 
~ 
i 
it 
~ 
• 
n 
I 
en 
~ O~ 1/1"'.1...,. 
'I ~~ 
LOAO 
KN KIPS 
i:i.:! .,; ... 
21.B 4.g 
05.6 :''J.2 
1(; 3. ~ 23.3 
118.5 21;.'5. 
122.') 27. b 
13,.7 3iJ. :; 
llt6.3 3,.9 
155.4 J4.q 
159.1 3,. 'i 
161.B lfl.lt 
163.8 3b. ij 
1&3.1\ 3&. ·OJ 
16t..! 31.4 
.~ 
lOAD 
KIPS 
0.0 
27.( 
46.~ 
5&.; 
&2.2 
65.7 
67.6 
&7.~ 
&7.5 
&1.4 
68.2 
68.2 
68.1 
67.13 
0 •• 
6.1 
1", .ft 
12.7 
14.D 
14.8 
15.2 
1S.2 
1S.2 
15.1. 
15.3 
1S.3 
1 t;. 3 
15 .. 3 ~~ §'O 
:--~ 
t;.t"1 
~Ul 
K(t1AX' 
COO 
E-~ M!1 (-3 TN 
J.:;'~ J.i.:( 
17.S3 .0' 
,,£1.62 2. n 
ali.!!', 3.3q 
E.l.7J 4.~' 1'Jd."~ r..27 
123.':2 It. '\4 
1Ltl.5~ 5.~7 
161.93 6.36 
17:. n 6.'70 
1~ ::: ... 11 7.17 
15';.110 7. ,') 
1I3i.I)2 7. ~2 
2;~.CJ'J 8.11 
It (MAlf, 
COJ 
E-3 1~ E-j IN 
[;.:';J 
145.1q 
255.1'18 
321.1fl 
J6tJ • .:n 
"'11 • .:1 
"3CJ.31 455 .... : 
4,1.ftfJ 
"f)1.~1 
474. 3~ 
4CJ:..61t 
~Dt, • .:C 
~1&.4J 
o.eli 
'j.72 
:. C.!j7 
.. 2. f7 
.. 4.57 
iG.H 
17.3: 
:. 7.91 
18. :11 
i 0\.19 
.. 8.67 
lq.3f-
1 CJ. q2 
?l).33 
SP::CIHEN t~UMBEP.1 
ALLOrt 
OQI£NTATJONI 
CONST~A INTI 
TEST TEMPERATUREt 
SPECIMEN THICKNESSl 
DURING PRECRACKIUGI 
A,HALF 
r:R~CK LENGT H 
M" IN 
&.36 .251 
7.11 .2.31 
&.'l"i .270 
6.9" .273 
1.u3 • 'aT 
7.17 .2132 
1.20 .264 
7.53 .2q6 
7.q4 .313 
6.1, .32i 
8.41 .332 
8.5) .335 
q.l3 .3'56 
q.16 .361 
SPE:.CIHEN tlUI18EiH 
ALLOVs 
ORIENTATIONI 
CONSTR.A HlT I 
TEST TE"PERATU~EI 
SPECIMEN THICKNESSI 
QU~l~; PRECRACKINGI 
A HALF 
CRACk LENGTH 
Mfi IN 
Itt. BB 
Itl.41 
... l.al 
t.Z.7& 
44.15 
45.84 
47.(;7 
~8.31 
46.76 
4'=1.13 
"'J.73 1)1.11 
52.2" 53.22 
1.. Eli!) 
1.E30 
1. f4& 
1.684 
1.7311 
1. 6fJ, 
1.853 
1.1)05 
1. QZil 
1.1)3& 1.CJ,8 
2.:)12 2. a,7 
2. D.,5 
TABLE Cl-4 
24.72 MPA SQRT'I'II ( 
&3-4l4 
2112,. ... T8&1 
TRANSVERSE STIFFENED 
11t4.11 K 
1.63 HM (.Colt IN' 
22.50 KS~ saQTtIN" 
~TRESS 
FULL SECTION NET SECTION DEL Ttl A 
MM Itl 
STRES~ INTFNSITV 
MFA saRT ':1) 1(SI S'lqT (lN' HPA KSI HPA KSI 
oJ.Oil iI.uoa a. !:;Il C.DO ii.GO O.OLi J.ilD Il.GD 
.16 .030 6.1& &.15 45.08 6.5ft ",7.35 6.87 
. .r .019 25.9& 23.&2 176.7') 2'i. &ft 185.30 2f:.87 
.57 .C22 31.6ij 26.63 214.29 31. i)9 224.77 32.60 
.05 .ii2& 36.411 33.13 244.71 35 .... q 25t;' 83 31.Z11 
.8':; .031 36.16 3 .... 72 25J.85 36.61 26&.59 38.68 
.83 .e33 42.21 38.ltl 280.22 "0.6" 294."~ 4Z.7U 
1.15 • (.45 4&.52 42.3ft 302.07 43.!ll 318.15 /,fE.1ft 
1.56 • u1i2 St.7& 4&.19 32';.90 ltG.54 338. q& 4').16 
1.77 .G7il 52.&';' 47.ql 328.55 47.6ft 347.513 50.'~ 
l.ti& .081 54.48 4:h5i3 334.17 48.4& 3S4.22 51.3 
2.13 .:l84 55.39 50.41 338.25 .~. 35 358.72 52.02 
2.6& .us 57.11 'il.96 336.32 4cJ.~6 !6':'.1& !:t2.2! 
2.1q .11u 5'.41; 53.15 343.42 49 0 8Q 3&5.94 53.07 
TABLE Cl-5 
23.89 HPA SQRT(H) ( 
&3'" ELl 
202.-T661 
LONGITUOINA.L 
STlFFE~ED 2q4.l I( 
1. &4 "'" (.O£:5 IN) 21.7~ KSI SDPTCIN») 
OELTA A 
t1M IN 
0.00 
.S3 
.93 
1.88 
3.27 
".96 &.19 
7.51 
7.8S 
8.30 
8.8S 
1i:.23 
11.35 
12.33 
0.0011 
.021 
.il37 
.074 
.12 ~ 
.1q5 
.244 
.296 
.3111 
.327 
.3ftS 
.4:;3 
• ft4 7 
.4q£: 
STRESS IrITENSITY 
"FA SDRTC 111 K51 SQRT UN) 
0.;;'0 
2J.8S 
3&.1S 
44.55 
4'h9CJ 
S4.ti8 
56.74 
57.72 
57.77 
5lJ.Dl 
59.1il 
bu.17 
&1. Lift 
61.54 
il.Ou 
16.98 
12.91] 
4J.55 
45.50 
4'1.21 
51.63 
52.53 
52.57 
1)2.79 
53.1-8 
54.7G 
55.55 
56.0C 
STRESS 
FULL SECTION NET SECTION HPA ~st HPA KSI 
0.0,0 
55.D5 
94.88 
115.35 
12&.111 
134.12 
138.39 
136.32 
137.17 
137.57 13:q.15 
13q.14 
139.12 
138.,2 
11.0D 7.qa 
13.76 
if;.7l 
18 ... :' 
lq.45 
20.07 
2~.~& 
19.911} 
lq.95 
lJ.18 
20.19 
20.19 
20.o:J 
O.OG 
7t;.22 
131.87 
1&1.75 
180.!3 
193.68 
2L1Z.2S 
ZiJ4.1I1 ZiI ... 74 
20 Ii. 31 
2118.81 
211.74 
214.18 
215.43 
O.Do 
11.05 
19.12 
23 ... 6 
2&.11i 
Z8.;;9 
Zq.33 
2Q.70 
29.£::;1 
29.77 
30.28 
3it.71 
31.a6 
:U.24 
~i 
.!.t!l 
!!ii 
.. '" i!i~ 
:=5 
... ,.. 
~~ 
!!lei ~ 
.. 
iii 
o ~a: ig 
;:.t!! 
... -
.:g: 
." 
;2 
l> 
r-
::D 
m 
'V 
o 
~ 
'
---1 
~ i 
.1 
\~ , 
d 
1" 
, . ,'~ 
~ ..• ;-•. ,.:, ~r . "-_ J <I ~~ I j i:;=;;:::~:::::=:::.:::=:~::z=~:==:~::~~~=;==~=·~.:~:~::=::~J 
~, .. 
""~'I'-,' n",-j" j'< i!-_T,~'''_-'<'' ,~-, '--" .0:", -. "-''';,: . -"-.1;' ""~"H'" ';", - "'I ;,:,,-, 
'., 
';',' !i! ;-, TABLE Cl-6 (. 
" lt~ ;, !!i ~< 
"-. SPECIMEN NUMBER. 63-1L16 >'" ,
,.,iII: ?' ALL OYI 20l4"T8&1 ""," t- ORIENU nON_ LONGITUDINAL ",n CONST~AINT1 STIFFHEO ~S ~"" TEST TEHPERATUREt 294.0 I( ~/ ~ SPECIHEN THICKNESS' 1.54 "" (.Go4 IN) .,., K ., .. AX' DU'HNG PRECRACKINGI 25.53 HPA SQRTI") I 23.31 KSI SaRTIINl1 !.tfi ,"~, =~ li;: II 0 A.HALF STRESS i! f it LO.\~ coo CRACK LENHH DEL TA A STRESS INTENSITY fULL SECTION NET SECTION ~~t; it K" KIPS f-J 11:1 E-3 IN "H IN MM IN I1PA SOI{T UU I(ST SQRT UN) HPA KSI "PA KSI ... ~' co ~ D.: -.. ). ~ ~ i). I] G 24.31 .q57 C.110 G. DO iJ a •• H a.alO :1.00 0.1l0 0.30 2.00 '" t,:: 84.8 13.! ctlf.Q4 1il.C;1 2'4.,1 .9&5 .p .008 4Q.l0 44.68 173.98 25.23 208.23 j~:~3 Ii! 86.q ze .... (,67.4"; 11.32 2,.01 .qa5 • 0 .028 52.02 47.35 182.41 26.45 219.18 
II 90. q 20.4 297.34 11.71 2'5.23 .q'B .92 .03& 53.41 C,8.&1 IB&.37 27.Q3 22,..3'5 32.54 ~, QZ.6 2C. q 3il7.22 12.H 2:5.4" 1.0d2 1.13 .li45 54.79 49.66 193.33 27.60 229.51 33.28 'f;' 
Ii 0 93.2 21 .... 317.8 J ! 2. ~1 26.12 1. n8 1.61 .071 55.64 50.82 191'17 ~~:~~ 231·n 33.63 ~~ I: 93.5- 21.i 327.bJ 12.90 2&.110 1.1]55 2.4q • C '~II~ 5().7& 51.65 191. 1 Z33. 33.90 
~ C\ 
~ .. ~ 'TI 1/1 
-f, ~ TABLE Cl-7 2 t~ 1/1 n l> ~, i I roo ..... ~ SPECI"EN NUMBER I &3-6L6 :a ALLon 2021t-T861 j ~ OQIENTATIONI LONGITUDINAL m CONSTRAINT. STIFFENED 'U TEST TEHPE-RATu~E' 294.0 K 
r 
§ SPECIMEN THICKNESS' 1.65 "H (.065 IN' 0 K Ct1AX) DURING PRE CRACKING. 25.11 HPA SQRTI"' ( 22.85 KSI SORTeIN" :a n 
-t 1/1 A,HALF STRESS I n L040 coo CR4CI( LENGTH OEt fA A STRESS INTENSITy FULL SECTION NET SECTIO~ i KN KIPS [-3 PiH E- 3 It: HH IN "" IN HPA SQRT(Ht KSI SQRTctN) "Plio KSI "Plio KSI C.t. " . ;.:.': O.i:C f).IlS .-239 Ct.tC tJ.!lCu :;. (] 0 :l.O¥ g •• G 1]. iJO 11.90 0.00 ,,-7.5 1.1 5.&5 .22 6.lt5 .254 .36 .014 Z.17 1.9 1 .21 2.21 15.90 2.3} ! 34.5 7.0 ?".t4 1.1)3 6.41 • 252 .32 • 013 10.00 i.tll 70."1 10.21 73.1i7 10.6 .~ &4.1 14.4 '31.15 2.01 &.&0 .2&0 .52 .11211 18.8S 11.1& 13 •• 16 18.96 136.63 1 q. Bft 
" ~ 67.6 15.2 54.77 c.1& ~.58 .2&3 • &0 .024 21].00 18.ZG 137.89 ZO. OJ 1"4.36 Zit.'n ~ ~ 68.1} 15.5 '3 tS.4 1 2.3C f).q8 .275 ••• .03S 20.84 18.9& 140.51 20.38 14l·43 2+.36 ~t 67.1 19.b 75. 'j9 2.99 7.03 .217 .95 .037 26.tt4 24.0& 177.62 25.15 18 .42 2 .O! 
~! 101.5 22.d q1.~1 3.60 7.11 .260 1.03 .040 31. (iQ 26.l1 207.15 3[;.04 211.54 31.55 
II = 
110.5 24.9 1,j2.6':;' It.~4 7.2-1 .26ft 1.13 .045 34.GO 30.9lt 225.54 32.71 237.il2 34.37 119.4 2'5. !J l1'J.IQ It. I) 7 7.1t3 .213 1.35 .1l53 37.26 33.q1 243.51 35.31 21i6.3:l 37.17 127.q 26.6 128.66 Ii. [:7 7.54 .2'i17 1.46 .G57 40.22 36.130 26u.14 31.9lt 214.66 3'3.86 III 1_31.7 31.u 144.IiO 5.70 7.70 .303 1.bl .064 43.76 39.8l 2SI.DG 40.7, 296.32 4Z.91 
.. 143.; 32.3 11ji~.Li2 5.14 1.83 .30S 1.75 • r;69 ft&.tiZ 41.8a 292.89 ft2.ft7 3G9.U; 44.83 11.,&.4 32.g 101.SD &.35 7.8q .311 1.61 .071 41.09 42.85 299.5':1 43.3;) 315.211 45.72 146. ~ 32. ';l 107.0 Ii. roB 6.1;: .321 2.G7 • u81 41.6q 43.59 Z96.78 43.33 316.UII 45.84 153.3 34., 19J.8'1 7.12 8.2& .325 2.16 • !l86 50.47 4S.'H 312.77 45.36 331.13 48.02 157.5 35.-1.0 1'J4.4~ 7.66 6.53 .336 Z.4S .095 52.69 47.95 ~21.24 46.59 340.17 49."2 1&1.1 36.2 Z')E.53 8.13 8.15 .344 2.&& .1; 5 54.59 49.68 32g.67 47.£:6 34q.17 50.64 16S.? 37.1 21Q.':'2 8 • .,5 6. 9 3 .352 2.65 .11l 56.59 51.Sii ]37.13 48.69 31i8.64 '52. III 150.Eo 37.5 22 II. SCi Q. :U: 9.17 .361 3.09 .122 57.62 'i2.&2 339.94 49.3J 362.25 52.53 
168.3 37. £I 237.71t 9.1f) 9.3!) .370 3.3u .130 59.08 53.77 343.27 49.78 366.36 «;3.13 ~iII: 167.9 37.7 237.~n 9.37 9.L,3 .371 3.35 .132 ~9·:::; 53.77 3ft2.49 ft.9.67 365.64 5!.O2 158.4 31 •• £44.53' 9.63 9.63 • !79 3.55 .140 ~~.q2 54.53 343.&6 4<).93 367.36 53.27 t?l 166.7 37. q 253.42' q.96 9.St5 .392 3.67 .152 61.(;3 5'i.5~ 3,.".Z5 ft.:J.92 368.911 53.50 166.0 37. '1 2&2.7~ 11).3,. 10. 3 3 • 4t! 7 4.2" .167 62.12 5&.51 343.9D "9.87 3£:9.53 53.59 :.m 'r) 1&9.1 38.: 272.35 1il.72 10.0:;' .41'1 4.51) .18 a 53.29 57.6:: 34;:.07 50 .:l4 371.53 53.89 ...... 159.2 3a ... 2:L..48 11.;: C, 1~.95 .431 4.87 ''0 &4.23 SS.45 345.21: 53.06 372.0[; '54.1]3 ~!!l • .L-;o ... 169. '3 3'6.1 2::B.6J 11.36 11.25 • 4,,3 5.17 .204 65.15 S9. ,~ 345.34 50.~~ 313.58 54.17 
166.6 l8 ... 2~4.B: 11. ;1 11.;4 .454 5.46 .215 65.63 5~.q!l 344.45 49.95 373.39 54.15 
1ii:ii.,';;;;~~J.iii"w~""""'~~·c""""""'" .~.,,,,,",,,,,,,,,. _,li'.""''''"'';''''''''''''"'' "'M ".,l~ 
~""W'Ti'\'F' \'[(';';""':"'£\""")1'i""""1""\7';" i" ""'l!i'T"'i";C'i',~ "c:",',:, ""Hi' " 'i~;" ',i' '", "i"'" "','U'""j", ",",' n,r,!'r, ":!"i, "!":";":;:1,;",,, ,,1:!(""''';''i7::,,:v''::r'c:'J)/C' :"::"("",,'!~";l', '{"'::":::',.,")I 
'," - ?S-~i,::;-- 1',""""""",,"'='0 _ .... U _"''' (! . ,),',~: .,;.., .< .~ , .' 
V· '. .," ~ , " 
~; 
I ~:,',',' 1. i ~L n 
i g f,~1 i! 
fi': it 
'" , II( ~:,.l pi t:, I" 
" 1:1 ~: i 0 
""I c: ~: i 
R" ~ 
"'! III ~' ~ :" '0 
Ij!/ i! ~~,.',:' ,~ , .. ~!, til .~: ft :1 III 
k n ~, 0 
f i 
n 
I 
00 
LOAO 
K~ KIPS 
0.0 
47.4 
1ir:..4 
&,..5 
11.3 
75.q 
78.8 
80.EI 
83.3 
83.6 
81t.4 
81t.6 84.7 
O.J 
10.7 
12.7 
14.5 
lb. U 
L7.1. 
17.7 
.LB. :. 
11S.7 
1B.d 
19.J 
lq. ~ 
lq •. ~ 
K (",~"lI) 
COl 
~-3 11'1 E-l IN 
J. Ii il 
317.1t4 
lt1!.lft 
"1J3.77 
';;72.ftQ 
6,+Q.37 
7)5.83 
7&1.3S 
1!21.71 
e"'fl.l!! 
6&2.6& 
~13. 3Jl 
ll'Stl.r:,Z 
i). HI 
I:!. 2~ 
1&.27 
lQ ... ft 
22.S" 2-;.-57 
2 7. 79 lq.q7 
12.3~ 
33.31 
33. ~Ii 
34.38 
15.1<: 
K (HA)O 
SP~GIHEN NUMBERI 
ALLon 
OQIEN1ATION1 
CO-:iS TQ.A INTI 
TEST TEMPEQ4TUREI 
SPECI~EN THICKNESS. 
DURIN:; PRECRJlCKINGI 
_,,HALf 
C qACK LENGTH 
HH I~ 
"'9.21 
49.7] 
511.36 
51.&4 
5l.J4 
SS.2J 
5&.B4 
SS.811 
f.lO.3g 
61.2:7 
61.7& 
62.11 
&2.92 
1.937 
1.1)57 
1.Qa3 
2.033 
2.1l86 
2.17.1 
2.23a 
2.315 
2.315 
2.412 
2.431 
2.4 .. 5 
2.477 
SP~CIH~N NUMBERt 
ALLOYI 
OitIC:NTATION. 
COI~STRAINT& 
TEST Te.HPERUUREI 
~PECIi~N THICKNESS_ 
OlJ~I N~ PRE CRAC KING' 
TABLE Cl-B 
42.12 HPA ~QRT 0'1) I 
61-EL'i 
ZOZIt-T8&1 
LONGITUDINAL 
STIFfHED 
,.SJ.u IC 
1.65 M" (.065 IN' 
38.33 KSI SORTI[N') 
DELTA A STRESS INTE NSiITV 
~~~ 
FULL SECTION NET SECTION 
MPA KSI HPA KSt MH IN HPA saRT (M' 1(51 SQRT UN' 
G.GO 0.000 
.ft!) .019 
1.15 .345 
2.1t3 .Gq6 
3.83 .151 
'i.gQ .23& 
7.63 .300 
~.5q .378 
11.18 .440 
12.06 .475 
12.5ft .494 
12.6q .su& 
13.71 .54il 
TABLE Cl-9 
iI.OO 
Itl.G9 
49.33 
'51.30 
64~C:;1 
7lh~q 
71t.}., 
78.39 
82.52 
63.96 
8S.LiD 
&5.64 
86.55 
27.23 HP4 SQRT(H) ( 
il.no 
37.4C 
1t ... 69 
52.15 
56.71 
64.24 
68.02 
71.34 
75.10 
76.41 
77.3S 
71.93 
78.77 
a.DO 
q6.77 
115.1& 
131.59 
145.51 
154.93 
16a.74 
164.55 
169.88 
171.02 
17 2.11 
172.67 
172.IU 
63-2l14 
2024-Te61 
LONGITUDINAL 
STIFFENED 
45 .... .1 K 
1.&4 "" «.0&4 INI 2 •• 76 ~SI SQRTIINII 
O.OD 
t,..03 
16.7n 
19.~8 
21.1il 
22.47 
23.11 
23.8& 
24.6ft 
21t.!!!) 
2".9& 
2')- .31t 
25.iloli 
D. all 
t«tS.2c.; 
11".l2 
zOt.ftc.; 
22&.02 
246.20 2c.;1).1)8 
271.Q,. 
2B5.18 
290.57 
294.36 
29&.21 
Z99.26 
0.(;0 
21.06 
25.2" 
29.21 
32.78 
35.1J 
31.70 
39.4 .. 
41."" 
"2.1" 
"2.6" 4Z.Q6 
"3.40 
"".., 2~ 
iii 
..... 
i!i~ 
Ill: 
!i:!" I~ 
~tl 
-~ ~ 
i 
"n 
:2 
» 
r-
21 
m 
." 
o 
~ 
r? 
~2 
,:! 
.' 
\0 !I Ie Ii ,~" 
~;: it _,HALF STRESS ~,,'1 LOAD COO CRACK LiiNGTH DELTA' STRESS INTENSITV FULL SECTION NET SECTION ~;.~:'. KN - KIP'S [-311M E-J W "'1 IN "" IN HPA SQRHH' leSt SQRTUNi "PA KSI HPA KSI ',j,'", o.u ~." :l.La 0.00 !tu.31 1.581 [i. Oil O.Oliu iI.IiD 'l.OO iI.Ou 0.00 0.00 0.00 . .-,:,;, a. 88.S 19.~ ~73.35 2:2.5,7 ~3.3i 1.TuB 3.68 .121 7t..eo 64.43 181.&5 2&.3,. 256.32 37.17 ,:"{ fI) 93.2 Z.l.1> bb5.~7 2&.22 4&.:.3 1.e3il &.18 .243 71.65 lil.SS 1cl1.3& 27.75 27-8.19 1t0.5" pt~::.. 9~.3 ll.~ b9Z.~il ,27.28 ~7."1· 1.8&7 1.10 .281) 19.76 72.59 195.63 zs.as 28".a5 "1.1,9 
[J,,: 96.5 22.1 153.97 29.&8 43.:)4 1.911 8.23 .324 84.52 7&.92 232.12 29.31 299.83 43.48 ~"~' 1113.0 23., 631t.91 32.87 50.13 1.97& 9.88 .389 96.3& 82.23 211.43 30.6& 31·8.89 "6.2" ~t;' 105.9 23.6 C;~b.3!J J5.&S 51.30 2.(,4& 11.&, .459 95.01 6&.41 217.31 ;il.51 333.73 it6."!) ~::., lu8.3 2..... ":I.'b.7:;; :)1.&7 52.!S' z.e-a1 1C:.,4 .4'14 91t.3S 89.5U 222.36 .12.25 3"".69 ..,9.99 ~"~'.;::: 1118.9 24.50. 99ft. 1ft 39.1. C. 5/t.u.a 2 .• 129 13.17 .5lt2 10a.tt2 91.39 223.55 32."2 350.99 50.90 ',-., 109.b 24.& 1&15.19 3'1.97 Silt.;') 2:.1ft9 11t.26 .562 .. 221t.87 32.61 35".97 51.lt8 ;:, l1~.q 24.9 U.&u.2.,. 41.7" 55.f)5 2.191 H.34 .&L;4 .. 227.64 53.1ll 3&3.,.2 52 •. 7;! :.<'., 11,.& Z!J.3 1!7aio,jS 4b ... l7 58.79 l.U; 18.4~ .727 .. 2:51 .• 06 33.51 381.72 55.!6 ~ t<{:',,_ 113.a 25.b 1,75.113 SD.if" 61.r1 2:.43... 21.4u .843 • 233.41 33.8& 398.65 57.81 - ~ f:~,>_'~_ llft.5 2~.1 1311.'tu 51.23 &2.~il 2.It&1 22.19 .674 .. 23_4.95 31t.07 1t04.83 S8.71,!i. n ';; ~t',:,: 111t.7 25.6 1373.31 S4.u7 bit. 3 1.1 l.532 23.99 .945 • 235.39 31t.14 "14.22 6D.07!E!! "~i 
If",::", 'IQ - - . - -.! ~". ....Ill .. ' .. ' ~ - m··"·······~ 11."1 "Wj ,~.~ 
1;'-"""""""""''''''''"'' ""',,~,"IF"'~ ~". . , "" '. .' ' " 1 ii';\;;\>:,_,~\': _ ',." ',.:':0: ,~>::.-, __ ":f,,. __ , ",,,_,,-~,*_ ~1~~ilii.BmW¥n't>~rwwlW(if"~~~~~GJfiji;-'i;p.~1"""-s .' ',,·,t." .. r.>'" - "" ~ > •• ~ '" • ~ a;;. . . -._,0: 3*iM]bW:;;,tm;;;,t!'§~i'+;;;'~**~Ujllf";"iiri},,*'~i(i~ii~~"".w..:0~~;~","(~'J"S~~~;;i:'i,;~:=~~,t::::';('~==:~~:!~::!:,;iri"~~~*,\dj,j,;;~;=:;;';+41 
"~ 
, 
';;.i 
" 
'i) 
",j 
,:, ~j 
. :;i 
! 
a 
I LGA-O KN W:IP'i 0.0 J • .; ~ 43.6 9 •• G&.l 14.9 
I' 7q.4 11.:J 
1:1 
qZ.2 ZU.7 
101.3 22.JJ 
II ID6.S 24.4 
~ 114.g 2S.~ lB.6 26.q 12'2.1 27.5 
I' 1Z2.~ 2,7. & 
II 122.8 21.b 123.6 21.6 U! 125.1 2B.1 
II 12&.0 2B. J 12&.3 28.4 
i 127.1 26.6 127.4 28. b n 126.0 26.d I ~ <0 og 
c: >:;l ..... 
:! ~2 ~ 0 
1\ ~~ 
~ @>-d > 
! ~o ,.,,1:: 
~ ~t' ~ 
• lOAO 
: KN I(IPS 0.0 L •• U! 51.5 11.& 
~ 52.q 11."q S2./j 11. ~ 
"'"f· ·;',f'i' <,-",,-',,-.. ";;,\ -,::,." '-'.t'-;,~~';'r'i-·" 
SPECIMEN NUMBER' Alton 
OtHENTATIO'U CONSTRtI. INT I 
TEST TEMPERtl.TU~EI 
SPECI'1EN T!ilCKNESSI 
I( (MAX' DURING PRECRtl.CKING' 
A,HALF 
coo CRJtCte. LENGTH IN E-J 11M 
O~Du 
185.34 
2CJ9.9) 
:l7G.oJ 
Lice.'12 
5 .. 3. 0-:' 
625.28 
711.71 
IlJIt.ll 
t!~"'.54 S79.'H 
885.';3 
CJH.tH 
QI\Z.j5 
tu2R.31 
1t';8.4) 
H9~.bJ 
11'+7.41 
1192.21:1 
f'- ~ 1111 
"" O. !lL 31.55 1.242 
1.3" 32.15 1.26& 11.81 33.26 1.313 
1,..83 33.65 1.331 
19.36 14.93 1.375 
21.1t~ 35.~3 1.lt1 S 
21t.h2 37 .48 1."76 
2: 'I. 02 39.CB 1. S39 
31.6f ltl.22 1.623 
33.8u 42.1t? 1. f::1{1 
34.F.4 It3. 0 & 1.69S 
!".81t 43.20 1.7tl1 
.~6.92 44.16 1.763 
J 6.E6 45.69 1.807 
40.49 47.19 1.658 
,. 2. £'6 ItS.1t 7 1.908 
,,3.29 4CJ.tlJ 1.c)]6 
45.17 1i0.I)S 1.!Jq4 1t6.Qt. 51.86 2.0402 
SPECIMEN NUMBERI 
ALLOVI 
I)~IEN1ATION' 
COr~SJR:AINT I 
TEST TPIPERA.TUREI 
SP£CI~E~ THICKNESS' 
!( CJ1l1.l0 UUqING PRE'CQACKHIGI 
con 
A HALF C~AC~ LENGTH 
E-; .'11-1 E-! TN ~'1 1:1 
V.J(i 
28S.2~ 
,97.59 
32 ~ • 41l 
:1. C C 
11.35 
11.7? 
1Z.b2 
t.t..27 
41 .. 60 
1t1t.72 
47.54 
1.7,.3 
1.756 
1.1&1 
1.372 
---------'--.~~-'-'---"--
TABLE Cl-1O 
63-ZL6 
202 ..... T661 
LONGITUDINtl.l 
STfFFEI\EO 
4511.0 K 
1.~4 ~M 1.0&4 IN' 
~l.'+t MPA SIlRTIH) ( 37.68 K51 SQRTCtN)' 
ST RESS 
DELTA A STRESS INT£NSITV FULL SECTION NET SECTION MPA KS I HPA KSI 
"" 
IN I1PA SQRT (M) KSI SQRY UN) 
0.00 O.UOO ,.CD 0.0:1 11.00 
.&J .G2~ 29.f.tt: 2&.15 69.83 
1.72 .068 45.29 41.21 135.76 
2.3i; .091 54.93 49.9CJ 163.05 
3.36 .133 61t.93 59.0Q 189.3" 
4.38 .173 12. IH 65.99 2118.05 5.93 .234 19.55 12.Cti) 222.15 
7.53 .2CJ1 66.36 78.59 235.9" 
~.67 .381 92.79 e~ • ., 2lt5.&l 
16.67 .. ~. q&.37 8 .71 250.1g 11.52 .4 3 • 251.7 11.65- .459 • 252.05 13.24 .521 • 254.26 14.34 .565 • 25E.9'+ 15.65 .616 • 25&.63 1&.92 .&&& • 25CJ.29 17.61t .694 • 260.92 19.10 .752 • 261.&1 20.31 .800 • 2&2.79 
TABLE Cl-ll 
&3-nT2 
202 ... -T861 
TRANSVEIOSE 
STIFFEtoiEO 
1"/t.!: I( 
1.55 HH C.065 IN) 
i7.6t. MPA SGRT(H) ( 16.21t KS! SaPT(IN)) 
o. aD 0.00 0.00 
13. Q3 114.57 16.&1 
19.69 17~. !1ft 25.35 
23.65 211.03 3D.6n 
27.4& 2"7.16 35.1!17 30.11 21~.2~ 39.77 32.3iJ 291.6 It!.17 
34.21 31 Q. 3D ItE.3q 
35.62 339.63 49.Z5 
36.36 35g.5. ~i·B~ 36.51 35 .17 .36 
36.55 355.06 51 ... 9 
36.91 363.63 52.73 
31.26 311.tt2 53.8E 
37.51 378.6" 54.91 
37.60 33". It" 55.7s 37.84 389.62 5E.50 
37.94 3q6.lt8 57.50 
38.11 ItOl.22 58.47 
STRESS 
OfLU A ST~ESS t~TENSITV FULL SECTION NET SECtION MPA. 1(5 t HPA KSI MH n~ HPA SORT (H) KSI SQRT UN) 
, •• 0 J. UO u 0.00 0.00 iI.OO iJ. DO o. [iO 0.110 
.33 .!l13 "1.5~ 37.77 1J~. 70 1'j .18 149.42 21.67 
.4S • ill 8 '-2.73 36.69 1::1 .63 15.61 153.7Q 22.30 
1.21 .12q 44.28 1t~.3G 101.32 15.56 157.61 22.86 
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!!l!il 
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"' ... ~S 
... z ;,fl 
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'TI 
2 
J> 
r-
::a 
m 
." 
o 
~ 
~, 
tl " ~. 
;i'.' ;4,i:;~ __ iJ, \ii,~:---"'i 1:.1'( ;~ .••• ,:., •• ,,;ili;.L:_"';;";"il'; '",:::. 0"",,3_... ~""ii_~~6?;i;.l~i.Ui~'!.1J6?BF' .~ tw¥fi"!#4F' ,h'729iFRfiiPrih9i2 .!4tWPhitiiS' ........ W t tr dWWfl:lZ:~t.~;i~jj 
f"" ~::;' "',":::,' "'!~,!v""11r", ';:'1:'1';"":':.1';:':-:',"<":;':;': .;' "", ,,,,W: ' 
i' 
,~ 
~ 
,~-
! 
~I 
f ~ 
r' ;.;! 
~ 
~ 
it: 
5 
W !' r 
fl f 
• ~ ~ 
I 
• E 
• ,-~ ~" 
• ~ p 
~ , 
; 
i 
I 
0 
~ 
~ 
I" 
II 
0 
c: 
CI 
i 
) 
i 
E 
c: 
::! 
n 
UI 
n 
0 
~ ~ 
l 
'( 
• 
: 
UI 
.. 
lO~O 
K" 
~., 
2'3.4 
&-3.g 
74.0 
18.6 
/J6.7 
e7.4 
69.1+ 
91.9 
91.q 
96.0 
97.l 
96.5 
9C3.7 
q9.7 
99.2 
n 
I 
~ 
0 
LO~O KN 
Q.G 
5~.O 5 •• 
56.2 
bO.& 
61.2 
_ 63.1 
61t.1 
&5.0 
65.4 
67.2 
67.4 
co,) 
KIPS £-1 M'1 E-3 IN 
0.':; J • .I] o. GO G." 42 •. ~D 1.1=17 14.4 ql.6~ 3.6g 
1&.6 112. n t .. 44 
17.7 122.36 4.S4 
1';:1. :;;I 13 e. 97 &;.47 
19.1 1ft) • ftll 5.173 
2(j • 1 ,!44. ::1 5.1)7 
20.6 151.51i S.q3 
2&. r, 1.5E. cD 6.17 
21.b 17?.71 6.se 21. q 18".7Q 7.28 
22.1 196.'S13 7.7!'1 
22.1t 217.02 It. Jilt 
22. It 2'31. El2 'l.12 
22.3 236.6b <lol2 
~IHA)() 
COD 
KIPS (-,3 I'IM E-3 IN 
O.U J.~J 0.00 
12. ~ 297.61 11.72 ll. 310.81 12.24 
12.b 315.3& 12.42 
13.b 345.31 13.59 
13.7 !50.88 13.81 
Ift.2 3&'3.62 1,..r;:S 
14.4 3.!J,~.7S 15.1S 
14.b 393.39 15.fl9 
14.7 39~.'t1:j 15.73 
1;.1 It'. 7. 61\ 16.41t 
150.2 l,l8.27 1&.6& 
'",- -,}; "'. '" -;- -~"'.,- ." 
A,HAlf 
c~nCI( LENGTH 
"" 
IN 
12.ljq .'-115 
12.~1 .ch18 
12.q~ .. 5!]fJ 
13.31 .5!1t 
13. '5 II .535 
13.81 • 'jltlt 
13.63 • liftS 
13.i)1t .5lt5 
14. n 4 .553 
14.i9 .575 
15.30 .. 603 
1&.12 .635 
Ift.::I1 .666 
18.33 .722 
19.,2 .7&8 
26. ,,3 .78Q 
SPECIHEN NUHBER' ALL Ova 
ORIENTATION1 
CONSTRAINT. 
TES,T TEHPERATUREI 
$PECt~EN THtC~NESSI 
OU~I~:; PRE CRACKUIG I 
• HALf CRAC~ LENGTH 
"H IN 
40.B9 1.610 
41.27 1.625 4t.ttl) 1.E33 
41.80 1.6ft6 
ft2.22 1.&62 
t.2.42 1.67D 
43.09 1. ()97 
43.69 1.726 
44.17 1.739 
41t.50 1.752 
45.il4 1.773 
45.85 1.6l5 
-.,,,.~:. 0-, -"N',;_,-. :'~;;'Y.'-_-
OELTA A STRESS l~TENSITV fULL SECTIO~TRES~ET SECTION HP~ <51 HPA KSI HH IN HPA SORT (tot) KSI SORT lIN) 
to.OO 0.000 ::i. Ii il a.oo a.on 
.33 _u13 lZ.~5 1:1.137 5Q.S8 
.3l .~13 26.21 23.6:' 121).5'9 
.73 .02'3 30.81 29.0" 143.CJ4 
•• 9 .113CJ 33.G8 30.11 159.38 
1.23 .048 36.80 33.lt9 175.16 
1.25 • Clt9 31.11t 33.81: 177.25 
1.2e. .049 37.99 31t.57 181.22 
1.46 .051 3~. 31 35.78 186.19 
Z.Ol .079 40.10 3&.49 186.1~ 
2.72 .tc? ft2.95 39,09 194.& 
l.54 .139 44.&B 4;).bb 11)7.11 
4.33 .17 OJ 4&.37 ,.2.20 199.59 
5.75 .226 48.95 ".~5 Zil2.0S 
&.93 .273 50.57 46 ... 2 202.08 
7.44 .293 51.00 4b.41 201.116 
TABLE Cl-13 
63- 314 
ZOZ4-T861 
TRaNSVEliSE STIFf'Et;EO 
294.11 K 
1.&3 HH (.064 IN. 
20.73 HPA SQRT(H) ( 18.87 K-SI SQRTttNtl 
O.Gj} O.dO 0,.00 
11.&" &5.21 C). rtf: 
16.79 141.68 20.57 
21.74 1&4.-66 23.68 
23.11 175.36 25.43 25.,_ 193.12 28.09 
25. a t95.4C 2&.34 
26.26 199.76 28.97 
27.0J 235.56 2~.el 
21.0a 206.41 §M~ 28'.22 216.91 1.4 
28.1i1l Z21.~3 32.05 
2S.9ft 225.15 32.65 
2Q.3I) 230."" 33.42 
Z9.30 Z:32.54 33.72 
29.1& 232.32 :n:.6Q 
STRESS 
DELTA A STRES5 INTENSITI FULL SECTION . NET SE
CTION 
'HPA K5I HPA KSI 
HH IN HPA SaRTI"' KSI SUR lIN. 
0.00 0,000 0.00 0.00 a.ilo 0._00 0.00 
O.DO 
.37 .015 42.14 38.35 "!.47 16 • 17 15r .. 21 22.36 
.59 ,023 43.8i1 39.86 11:..49 fl. 'iii 
160,.10 23.22 
.91 .036 CtCt.23 '+0.25 116.09 16.83 
161.39 23."-0 
1.32 .052 47.9& 43.65 12S.13 18.1
5 174.64 Z5 •. S3 
1.53 .C60 48.5& 44.20 126.33 18.3
2 176.66 25.62 
2.2C .087 50.56 4&.03 130.33 16.9
0 183.40 26.&0 
3.00 .118 52.01 47.3~ 132.50 19.2
1 167.89 21.25 
3.28 .129 '52.92 48.1& 134.30 1'1.48 1
90.94 2:7.&9 
3.&0 .142 53.47 4S.66 135.09 19.C
j9 lQ2.e6 27.q~ 
4.11i .163 55.39 5JJ.41 138.68 ZO.t
lt 199.10 28.8 
!t.C)6 .195 5&.16 5'1.11 139.24 20.19 2;)1.19 29.18 
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ij{r.irw.i:;;:\,;, 1,~~~~j~""".;;®r~~~~~,,,,~Iji4;,:~"~, .. ~;''''~'";'SL,j~fu:~,'''' !;!"';"'~fi;",i';.di;'iJ"*\;""lii;'.'¥i"'i'· H ,:i'i' .i'\iiiij;trWiili;;',wPi. 1"'&",,,';; . "'!h\,iigi;, ;,i,:"J,;~",-dI 
,I" 
~ , 
I;: 
? 
~! 
f: 
i 
~-, 
~}. 
;>' 
;;1 ~ ~~;,: 
;:;:1 II 
~;-/! i t~, 
F 
r-c ~ 
f;· ~ "'. tl 
(,~ 8 ~;.: 
F' ~ 
" ,~' ~t ~ 
to: I 1ft 
!i ) i; ~ ~I I 
~. ~ 
~, ~; § f n 
," 1/1 
L; n t\ II 
" I 
" 
, :II ~;; Ii 
I· ~ Ii',' ~ tJ~'i • ~'1 II! 
!i," II ~I ~ "i_: 
.' fj-· 
r 
~;. 
i"." 
;': 
tf ~, 
~' 
,,:-,~, '~-~':\;V '~,~l'{;" 
n 
• ~
~ 
KN 
0.0 
15.C 
80.1 
a 0.1 
81.:l 82 • ., 
83.8 
8&, C 
86.4 
KN 
0.0 
16.'" :n.~ 
47.6 
85.5 
92." 
U12.1 
111.' 
119.3 
123.5 
127.q 
128.0 
131.1 
l33.~ 
135.': 
135.S 
139.2 
139.1t 
LOAO 
KIP3 
LOAD 
c ... 
3 •• 
18 ... 
1:1. ~ 
1A~4 
11\.0 
18. d 
1q.3 
1'1.4 
KIP; 
t..t 
3.:1 
3.3 
lG.7 
l~. 2 
ZU .. :I 
2:1 ... 
21+.9 
2b.!'! 
27 • .:) 
2:~.7 
28.9 
2''3.'30 
2'9. » 
3(;. -3 
.E.r: 
3:' • .:; 
31. J 
"'.".-' -",N'-" """"'", 
K(I1AJO 
CO] 
E- ~ M'1 E-l I' 
>I.lll :1. :a 
F'.~:] 1.% 223.1) B.79 
235.1t6 q.27 
241 .. ~7 q.'iG 
~:;~.31\ 11.35 
275.aq ~~ • .ljf. 
irH .lta H. 32 
!'J6.&1 12. ~t 
I( C I4A)(') 
cou (_1' '1'1 E- '! IN 
(, .'::J O.OU 
13.67 .54 
_H.':? 1.22 
1t-:.5ft 1.64 
77 • .:.Z 3.n~ 85.q7 1.38 
q~.5q 3.88 
11!.lt1 It. "lq 
126. :!1 ft.Q7 
132.2& 13.21 
l'tJ.?·~ 5.54 
144.1J 5.li7 
14'1.'14 5.86 
155.71 0.17 
lS1. n £:.37 
17: .. 42 6. 11 
18.3 • .:.5 7.21 
1"104. J7 7.2f> 
SPECIMEN NU"BfPI 
AllO'tl 
ORIENTATION' 
CONSTRAINH 
TEST TEMPE;;IATUREI 
SPEClttEtI THICKNESS. 
UiJRIN:; PRECRtIoCtCINGJ 
A,HALF 
CIl'ACK LENGTH 
M" Irl 
21. &1\ .853 
21.71 .R5~ 
22. ~ 5 .1\&iI 
23.2iJ • ql J 23.21 • C)lS 24.22 .'154 
2S.1)1 1.01t 
21j.q~ 1.IiZ3 
Z7.lt5 1.lHI1 
SPECIMEN NUMflERI 
All OV, 
OHtENUTlJNI 
CONSTRAINTI 
!c:ST TEMPERATURE_ 
SPECIMEN THfC(NESSI 
JU~ING PRECRtIoCKINGI 
"',HALF 
CRACK LENGTH 
"" 
IN 
6.20 .241t &.7q .2&7 6.q13 .271) 
1.1 q • 20J 3 1.Zft .2':15 
7 .. 32 .288 
7.1t:} .2'qlj 
7.&7 • 3,)2 7. qlt .113 
7.136 .11lt 
8. U ~ .31 q 
8.23 .32/t 
8.29 .32 & 
3.55 .337 
8.&5 .31tl 
9. J7 .357 
C).]q • 37 a 
~.1t3 .:H 1 
,,,,,;.-
TABLE Cl-14 
24.03 HPA ~QRT(". ( 
;';-', 
" 
63 ... Efl 
ZQZIt-T961 
T RAN'SvE JOSE 
Sf IFfE ~ED 29Jt.J K 
1.;4 HH (.0&5 INI 
Z1.87 KSI SQRTCINI. 
;t,i ,-,,",« -. ;c-
STRESS 
DELTA A ST~ESS INTENSITY FUll SECTION NET SECTION 
"H It. HPA SQRTCH) ~SI sQqT(INI "PA 
".OU o. DO 0 Ii.OO ii.(jil l.De 
.11 
• JJ" 8.1 It 7.ltC 33.6q 
.37 .015 43.&8 ~9.7S 1&3.7" 
1.52 • Cfll) "1t.84 40.130 163.&2 1.55 .0&1 1t5.!l2 41.70 167.08 
2.St. .lno 47.37 4'!.11 168.95-
3.9q .11:i7 4Q.Sft JtS.J8 171.26 
It.3C .169 'il.14 Itt). Sit 175.66 
5.71 .227 52.93 4i.1T 176.48 
TABLE Cl-15 
63'" 319 
2024-T8&1 
TRAtiSVEfiSE 
STIFFE'ED 294.0 f( 
1.;3 HH (.064 IN' 
?l.Cq HPA SQQTIK' ( 21.Cl KSI ~QRT(tN» 
<SI HP4 KSI 
;J.l~ 0.30 0.00 4.", 35.95 5.21 23.74 192.20 21.81 
23.73 lIJ3.82 2a.lt 
ZIt.2J 1q7.1J6 28.71 
2~.5~ 2G~.76 29.26 24.8 20 .9J 30.01 
ZIj.47 212.78 31J.8ti 
Z5.S9 216."& 31.38 
SUESS 
DEL TA A STRESS INTE NSITv FULL SECTION NET SECTION 
"" 
III HPA SQQ.T (11) K51 <;a1u lIN' MPA KSI HPA KSI 
tl.c.o 0.000 iJ. 0 a rl.OO J.DQ o. Uti O. DO (i.OO 
.5' • J23 S.LJ 4.64 3~.S' 5. 0& 36.56 5.30 
.7Q .031 11.32 1u.3(l , .Jb 11.Li7 aO.12 11.62 
.'Q .i13q 14.BIt U.'51 9:1.61 llt.3a 103.61 15.03 1.115 • 041 26.66 2lt.2& 176.50 2;.611 185.52 2E:.90 1.12 .044 29. C Z 26.ltl 191.17 27.1'2 2e1.04 29.15 
1.l9 • or; 1 32.39 29.47 21J.90 3C.r:;i6 222.1]& 32.2(1 1.47 • C5S 35.62 32.41 229.12 33.23 21t1.5'i 3,.03 1.71t .1I&9 3B. g& 35.46 246.33 35.12 260.19 37.73 
1. 77 .07D 4J.31J 36.75 25".93 36.q7 2f»9.32 39.06 
1.9 ; • 17S "2.17 38 .. 38 264.e .. 38.29 279.21 4;)."9 2.~3 • jB J 42.77 lB. ill 265.56 38.51 281.0q "11.76 
2.'9 • uB 2 43.75 39.Bl 210.63 B.Z; 2!J6.57 41.56 2.3& .093 45.12 Jtl.06 27,..68 311.83 Z91.1t2 42.ZE 2.,.6 .0CJ? 46.~5 41.91 278.74 Ita.lto? 295.:J3 42.91 
2.87 .113 ~7.33 43. a7 279.77 itO. 57 297.91 1t3.20 
3.19 .12& 1t9.It' 45.02 287.37 "1.F.-7 306.70 ItIt.Ct8 
3.23 .121 49.67 45.2C 287.66 Itl.75 307.34 1t4.57 
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:'I!l 
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~~ 
~ 
I 
I ~ 
I ,. g 
~ ,. 
~ 
III 
~ 
i n I ~ 
E 
N 
c: 
:! 
n 
III 
n 
~ 
i 
~ 
~ 
• 
~ 
I/) 
'4 
~,: 
KN LOolO KIP,) 
c • .: 
45.4 
55.6 
&3.6 
&9.1 
73.6 
71.7 
8D.p 
84.2 
Stt.1:< 
8&.1i 
61.1 
88.7 
90.4 
90.'1 
91.7 
KN 
::..:: 
75.2 
B2'] 
86.1 
13.4 Q5.5. 
96.3 
11l2.R 
105.: 
li!5.q 
J. _ 
13.2 
12. ~ 
14.3 
115.5 
1.6.5 
17. , 
16.2 
:'8.~ 
lq ... 
19d 
19.7 
lq.q 
2~.3 
2G.'+ 
20.b 
~~ 
":1$ ~~ 
.01:-' 
f2~ 
I:-'Q ~; 
LCIlJ 
KIP') 
;.u 
16.9 
18.:; 
1q. ~ 
21 ... 
21.5 
2i:.1 
23.1 
Z3.0 
23.8 
COl 
SP~CI~EN NUMRE~a 
ALLOH 
ORIENTA TIONa 
CaNST~ArNTI 
TEST TEMPERATU~EI 
SP=CIME~ THICKNESS' 
I( (I1A)(J OUQ:ING PRE.CRACK[NGI 
TABLE Cl-16 
~3-5T11 
Za24-T6cl 
TRANSVE~SE 
ST IFFE N£ D 
45D.: K 
1.67 H" (.~66 IN) 
37.70 HPA SQRTIH, I 34.31 KSI SaRTIIN)1 
HRED 
~-i ~~ E-3 IN 
A,HttLF 
CRAC'< LENGTH 
M"I IN DELTA A 11M n~ STqESS INTEN~ITV HPA S·}RT (M) '<SI SI]RT fiN) FULL SECTION ~ET SECTION MPA KSI HPA KSI 
.;. ~ J 
t5~:1~ 
47'1. -H 
~42.. :i5 
f.lr;.~~ 
fl91.11 
76;.6!! 
8S1.3,. 
8Q).01 
qlt 7 • 74 
10t-J.31l 
H8li. :Z 
1151.11 
12u3.:l2 
1242.61 
F-~ 11"1 
...... 
33S.5~ 
~6 l. ':'-.1 
424.:"'\ 
l.,t7.3F. 
491.24 
~ !. ~. Sit 
11: 1 i. 54 
1Z It? .Jr~ 
1,1010 ~. 1 'J 
J. ~!l 
12. r.i2 
15.dB 
111. A9 
21.14 
24.25 
27.23 
3D.14 
3ft.7:' 
H.J7 
37.?1 
4 C .13 
42_ 76 
4 s. l5 
,. 7. !f. 
4 a. q2 
49. Z 1 
4q.81 
'i0.71 
'it. 62 
52.9g 
55.21 
57.41 
5q.71 
63.52 
;3.72 
65.46 
;7.52 
09.131 
71.1~ 
72.65 
73.GO 
1.937 
1.%1 1.91):; 
?il4LJ 
2. C~O 
2.17tt 
2.2&11 
2.351 
2. ~~1 
2.5119 
2.577 
2.1:<511 
2.741 
2.7q9 
!.'1f;Ci 
2.1198 
a • i.I J 
• GO 1.49 
2.61 
3. 78 
6.CU 
8. Z J 
!v.50 
14.31 
14.51 
16.25 
18.30 ZO.,.;; 
21.8q 
23.44 
24.38 
SP:::::!MEN NUMBER' 
ALL 0'0 
ORIUHATIOIH 
CONSTRAINT, 
ESr TE.I1PERATURE, 
SPfCI1E~ irllCKNESS' 
0( (14):) :JURIN:; PRE-CRACKING, 
1)., !-"Il LF 
J.r.ct] 
.1124 
.Ci59 
.te3 
.149 
.23~ 
.323 
.413 
.563 
.-571 
.64il 
.721 
.803 
.86Z 
.q23 
.96u 
u. il Ii 33,.77 
48.04 
55.73 
61.47 
67.36 
73.J7 
78.15 
85.29 
85.'U 
6q.24 
93.29 
9&.72 
1t:J.35 
TABLE Cl-17 
• 
• 
".0; 35.29 
43.72 
5i1.72 
55. q:; 
01.32 
6&.53 
71.12 
77 .;2 
78.18 
61.21 
A4.89 
BS.uZ 
ql.32 
Ii.ae 
'Ji.1Q 
111.67 
127.70 
13d.75 
147.89 
156.05 
162.23 
1&<J .. ~1 
16'3.68 
172.8Z 
176.26 
178.22 
IS1.66 
182.6 .. 
184.12 
G3-GT5 
2u24"Tdbl 
TRANSVERSE 
STIFFENED 
450.0 t< 
1.64 HH (.u&5 IN' 
"''1.,+5 HPA SQR\ :) ( J5.r·.; KSI SQRTIINIl 
J. ilJ 
13. Z2 
16.19 
18.52 
20.12 
21.4') 
22.":.3 
23.53 
Z4.52 
24.154 
25.06 
25.56 
25.85 
Z6.34 
2&.4C) 
26.10 
Q.Q~ 
137.00 
169.11 
tgli.1J2 
215.3~ 
235.00 
253. liZ 
Z70 •. 111 
294.79 
296.~D 
308.3 .. 
322."11 
33".61 347.'59 
356.57 
363.9'5 
5TQES~ 
0.00 19.87 
21t.55 
26."0 
J1:al 
36.82 
39.27 
"Z.75 
"" • .:;e "It. 71 &;,6.75 
"8.52 
50."1 51.71 
52.78 
CO,) C'?ACW: LE'IfJ'i 
.:,- ~ It-.; 
"" 
I., STP.E<;S I'JTE I\:SITY H~A SQOTfIH 1<:£1 S/):(T<I~J F~ll SECTtr.~ NET SECTIC~ (lEL T 13 l. ~,~ H! 
G.n 31.:H 
1~. 21 32.41 
::. 5. :; C 33.11 
!. 60. 7ij 13.31 
:. fl. 4~ 3' ... ; 3 
1q.34 35-.2 ~ 
: ~ .1~ 35.37 
4~.tr: ,e.3'J loa. qr. ;)5. It 1 
So 6:. 7~ 71.12 
1.2:; 2 
1.27B 
:.. J':':. 
1. B4 
1.:!b4 
1. "69 
1. !92 
2.29g 
2.1575 
2.~JJ 
- ,-
..: &6 
- , 2:(;7 
2.PZ 
3.44 
3.5S 
2r:..SA 
33 .so 
39.31 
~ • C c : 
• :::26 
• ~c; 1 
• :6 2 
.111 
·Pf! 
•• 4 . 
1. Cr.7 
1. 323 
1.5'+ '\ 
c.c~ 
5:.56 
55. go 
63.69 
f.5.17 
E-7.4J 
&g.41 
Q3.1I:'8 
• 
• 
oj,C-'; 
4".02 ?J.~~ 
1,;;.23 
S-1l.! ~ 
&1.]4 
f:3".H: 
9).62 
vp~ KST ~FO KSI 
•• ¥ ... 
:..51.67 
1'::-\.22 
1'l J.!llt 
l~:..:tn 
1'3;.SC 
?::.1f; 
21.:.,j1) 
?l:'.o~ 
21E.r.? 
:. ~ 
22. q 
.::.. : 
?6. 1 
"'!1. Q 
Z9. C; 
~~. 4 
':.h 6 
:'1. ? 
~t. 8 
iJ.~C 
196.54 
<:'16.1" 
213.11 
2lf8.4S 
25&.la 
213!.51;! 
3 .. 5.!:,. 
~!!2.80 
It14.":-
0.::) 
;?!J.5C 
31.!7 
33.1]0 
3;.0C! 
37.tC; 
38.22 
11;0.12 
SS.51 
f,3.1U 
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~, 
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~ 
" ~ ~ 
t: 
~ i ~: 
~: 
:1·' 
~ .. 
~I 
J ~, 
[I 
<"i',;"" '~'~"- " . ,.; ..... ,- ~ ,","'" 
SP~CIMEN NUHijERl 
AlLOV I 
ORIENTATIO~,I 
CONS TRA I NT I 
TEST TEMPERATURE. 
~ I( U10')() SPECIMEN THICKNESS. OU~INIi PRECRACKltJGI 
\) 
0 
l 
l 
~ ,. 
1:1 
0 
c: 
a ,. 
~ 
til 
~ 
til n ; , w 0 ~ 
A,HALF LCI\Ll coo CRACK LENGTti 
K" I(IP",; !:- ,'I 11"1 E-1 Hl HM IN D., c.u '2.llj o.on 1tu. ~ 1 1. EO& 53.3 12. oj 2qq.f:J7 11. A[. It1.1 It 1.62 a &3.4 14.2 3bR.R7 14.'12 =+1.65 1. Elt6 6q.5 l~.o 42'1.95 16.61 tt2. ~7 1.692 75.Q 17. : 4dt..21 1~. J7 :.4.32 1.145 8G. B 18.2 544.3 .. 21.43 4S.11 3 1. S08 84.5 l Q .... (,11.3" 24. :7 48.28 1.951 87.0 19. ~ 6S q.;.:; 26.34 30.41 I.QaS 89.2 ZV. :. 7S' .. 71 L''l.71 53.91 2.122 91.9 2:1.7 BCH.l:J "'S.lf. :;Q.4Z 2.340 94.9 21.3 l(nC .... ~ 41.73 64.&3 l.S45 96.4 22.L 121)1.':16 4IJ.29 69.&9 2.744 101.9 22. ~ 14qJ.1~ S~.67 15. J 9 2.qljf, 105.3 23.7 If.7~.~lt (,ft.14 78.23 l.O!HI 107.R 2'+.02 183Q.r.3 72.42 8O.&S 3.176 1 a6.6 24.4 lq6~.31i 77.34 82. -37 3.266 109.1 2 ... :;' 2&26o'l'1 1 g.!'SO 5J.9i 3.31)6 lOCl.6 24.& 2(1)6.14 111.34 84.:;0 3.321 lil9. €I 24.b 2;:'B.51 SlZ.62 65.1Z 3.351 1JQ.7 24.7 21ilB.QIi It 3. u! 65.29 3.356 11l9.7 24.7 217"1.3=t R;.7n 66.:; 7 3.41)1\ IJ9.7 2'-.7 :2f.~ • .'\e /H. 2~ 97. & T 3.452 
c: 
:! 
n 
til 
n 
0 
! 
~ 
~ 
~ 
• 
ill 
~ 
!II 
.. 
","Tt.," '"",,, "-'_1.;" ,' .• >' 
- ';;: 
TABLE Cl-18 
&J-1TZ 
Z024-TB&1 
TRANSVE liSE 
STIFFC:fl:EO 
ltS'l.J K 
1.~6 H~ (.D65 INt 27.11 MPo. SQRTfH) I 24.67 K5I SQRTUNJ) 
STRESS DELTA A STRESS INTENSITY FULL SECTION NET SECTION HM IN HPA SQRTtH) I(St 'SQPT UN) "PA 'S1 HP. MS1 
O.DO O.ilOD ~.c.o o.on J.l]D il. ~J o.no 0.00 ... • ;::13 4J.79 37.12 lQIJ.iJ6 15.67 149.37 21.66 1.t5 • C41 "C).ClO 4!t.5q 128.51 18.64 178.77 21j.q3 2.16 .C85 54.&2 49.71 143.97 2D. "4 19t1.17 26.7,. 3.;2 .139 60.79 55.32 153.93 22.32 219.20 :31.79 5.12 .202 66.18 60.Z3 163.91 23.77 237. 05 3".38 7.ttS .294 71.4" 65.al 171.40 24. S& 253.69 36.7C) q.6J .376 75.61 66.61 176.41 25.58 266.73 !8.68 IJ.l~ .St& 61.10 73.61 180.92 213.24 283.64 41.13 !6.62 .733 89.52 St.46 186.46 27.3" 310.36 45.0t 23.83 .938 98.44 8q~'58 192.51 27.92 340.23 49.3" ::?:8.66 1.131 
• 199.5& 28.9" 375.23 5".41 34.2'1 1.35{l • 206.64 29.97 417.00 60."7 37.43 1.1t14 • 213.7D 30.99 4Sa.lt! 65.32 39.88 1.570 • 218.75 31.72 477.&1 69.26 tt2.16 1.66 U • UO.30 31.95 497.&9 72. t 7 tt3.17 1. TO 0 • 221.32 32.1:) SilT.79 73.64 43.69 1.7211 • 222.33 32.24 51".25 74.57 44.31 1.745 
• 222.35 32.24 .519.2B 75.30 
"4.48 1.751 • 222.41 32.26 52iJ.95 7S.S5 45.76 1.8:12 • 222.5.: 32.27 531.75 77.11 4&.87 1.845 • 222.56 32.27 541.48 78.52 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
Stress 
Intensity, 
MPa rm-
140 
120 
100 
80 
20 
o 
0 
FINAL REPORT 
Crack Extension, aa, inch 
0.5 1.0 1.5 
o 63-4L4 
Q 63-2L3 
c 63-1L14 
120 
100 
80 
60 
40 
20 
o +----+-:----:-::-'1-:---::-;-1-;:--;:;;-+;;---;;;-'-;;---;;-;;-1 () 8.0 16.0 24.0 32.0 40.0 48.0 
Crack Extension, 6a, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Longitudinal 
T'lmperature: 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
MDC ElI53 
Oclober1974 
Stress 
Intr",sity, 
k,1 /iil 
FRACTURE MECHANICS DATA FUR 
211Z4-T861 AND 2124-T851 
0 
140 
, 
120 
100 
BO 
Stress 
FINAL REPORT 
Crack Extension, 6a, inch 
0.5 1.0 
o 63-STl2 
~ 63-6T2 
1.5 
120 
100 
BO 
MDCEl153 
Uclober 1974 
Stress 
Intensity, 
[ 
Intensity, 
MPa rm- 60 ksi If" 
60 
oeS' 
0 
40 J? ~ go 
40 
0 
0 
20 
20 
O~---~r---~~~~---=~--~~--~ n B.O 16.0 24.0 32.0 40.0 4B.O 
Crack Extension, 6a, mm 
Thickness: 1.60 mm (.063 inch) 
Crientation: Transverse 
Temperature: 144°K (-200°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
C-15 
FIGURE Cl-2 
MCDONNEl.L DOUGLAS AS'FRONAUTICS COMPANY. EAS
7 
FINAL REPORT 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
MIIC E1153 
Oclobef 1974 
Stress 
Intensi ty, 
MPa rm-
Crack Extension, Aa, inch 
0.5 1.0 1.5 o 
140 ,:-------.,...-----1-----+----, 
120 
100 
80 
60 
40 
20 
/ 000 
o Old' 
18 0 
00 
I 
0 
c9 
0 
a 
a 
~ 
o 63-6L6 
~ 63-1L16 
o 63-6L7 
120 
100 
80 
Stress 
Intensity, 
60 ksi Ifil 
40 . 
20 
0+---~~--~+7--~~--~~--~~-'~--~ n 8.0 16.0 24.0 32.0 40.0 48.0 
Crack Extension, Aa, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Longitudinal 
Temperature: 298~K (70a F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-16 
MCDQNNELL DOUGLAS ASTRONAUTICS COMPANI"'. EAST 
FIGURE Cl-3 
... ~."--,-;..;.;...;..~~----,----,-,--_.....-........ oJ'!...;· .~.<j.:] 
FINAL REPORT =."t': '~1 FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T8S1 
O+-----~----~--~----~----~----~ n 8',0 16.0 24.0 32.0 40.0 48.0 
Crack Extension, 6a, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Transverse 
Temperature: 298°K (70°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-17 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY .. ~AST 
FIGURE Cl-4 
I 
FRACTURE MECHANICS DATA FOR 
211Z4-T861 AND 2124-T851 
FINAL REPORT 
Thickness: 1.60 mm (.063 inch) 
Orientation: Longitudinal 
Temperature: 4500 K (350°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-18 
MCDONNELL DOUGI.AS AS7'RONAUT'CS COMPANY. EAST 
,. . 
MDC Ell53 
October 1974 
FIGURE Cl-5 
)' '" 
, 
?-
FRACTURE MEf;HANICS DATA FOR 
2024-T861 AiiD 2124-T851 
o 
FINAL REPORT 
Crack Extension, ~a, inch 
0.5 1.0 1.5 
140 .,.------+-----..-----+-----, 
o 63-7T2 
o 63-6TS 
120 o 63-STll 
100 0 0 
0 
0 
0 0 
t§l 
BO 0 0 Stress 0 
Intensity. 0 0 0 
MPa rm- 00 0° 
60 0.9 
06' 
"'b 
40 b 
20 
120 
100 
BO 
MDe ElI53 
Oclober 1974 
Stress 
Intensity. 
60 ksi Ifi1 
40. 
20 
O+----~--~~~~~~~--~~-~ n B.O 16.0 24.0 32.0 40.0 4B.0 
Crack Extension, ~a. mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Transverse 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
.,;.:...( . 
C-19 FIGURE Cl-6 
MCDONNELL DOUGLAS AS .... RONAUTICS COMPA"'''. EAST' 
FRACTURE MECHANICS DATA FOR 
Z024-T861 AND ZI24-T851 
FINAL REPORT 
SECTION C2. FRACTURE TOUGHNESS TEST DATA FOR 1.60 mm 
(.063 INCH) THICK 2024-T861. BUCKLING UNRESTRAINED 
PRECEDING PAGE BLANK NOT FILMED 
C-21 
MCDONNELL DOUGLAS AS"'''ONAUT,CS COMPANV. EAST 
MDC E1153 
October 1914 
r:/';':';,·- <"'f_'" -.','\ "'(-;'-''''-''-'''W')'' '-',-, ,,"," -:'''Y . . ','-~" "i' <~, .. -'~- "1-'"'" ,,;--;-.- \_1;' " ' ,,-\ "',-'J"-" .,\,.-,. .J.,~,,, ',", 
?"" ~~ 
;:~ 
~/ 
F~' 
[ 
~ (,' 
':' i 
ic i 
i 
! 
____ • _____ ==~. _=_"i:te!!i_~Hlrntlt It: _~aw.=WS!:t~~Ji"Mb,1EMt.lJ.~~OO~JJ~4AM:2I, !§fA:t£I3t Cd] mIt • 
~ 
~ 
1:1 
~ 
~ 
~ 
I" 
1:1 
CI 
c: 
CI 
I" 
~ 
1/1 
~ 
1/1 
i 
l 
c: 
:! 
Q 
n 
i 
! 
~ 
"Ii 
• 
~ 
fIl 
~ 
n , 
N 
N 
~§ij 
Specimen Te(lJpera~ Orien-
Number ture (K) tation 
U63·ILJ 1<14 l 
U63-2L II 144 l 
U63-5L2 
'" U63-ll2 
'" u63-7L4 '94 
U63-6l2 450 
U63·11l2 450 
U63·3l2 450 
U63-5T1 '44 
U63-2i2 '44 
U6J-4T10 '44 
U6J·6T7 '94 T 
U63·2TI 
'" 
T 
U6HT? 94 T 
U6J-7T1 'SO 
U6J·6T9 450 
U6J·4T5 'SO 
Film ran out prior to falll1re. 
Specim~n 
Thickness 
~ i, 
\.65 .0563 
1.63 .0643 
1.66 .0653 
1.63 .0641 
1.64 .0646 
1.64 .0644 
1.65 .0648 
1.64 .0644 
1.66 .0653 
1.64 .0647 
1.65 .0650 
1.64 .0646 
1.65 .0648 
1.63 .0643 
\.65 .0561 
1.65 .0650 
1.66 .0655 
Oimellsions 
Width 
,m 
29.789 
29.797 
29.794 
29.812 
29.799 
29.784 
29.789 
29.809 
29.794 
29.799 
29.784 
29.815 
29.799 
29.761 
29.804 
29.820 
29.199 
TABLE C2-1. 
Fracture TOU9hness Test Data for 2024-T861 Specimens 
(1.60 1m) (.063 inch) Thick. Buckl1n!l Unrestrained) 
i, 
11.728 
11. 731 
11. 730 
11. 737 
11.732 
11.726 
11.728 
11. 736 
11.730 
11.732 
11. 726 
11. 738 
11. 732 
11.717 
11. 734 
11. 740 
11. 732 
Precrack 
len!lth 
Im1 in 
24.71 
12.19 
82.7S 
43.89 
12.42 
98.88 
81.81 
61.93 
90.35 
25.22 
10.13 
80.34 
43.21 
94.69 
83.24 
60.48 
.. 
.97 
.46 
3.26 
1.73 
.49 
3.89 
3.22 
2.44 
3.56 
.99 
.40 
3.16 
1. 70 
3.13 
3.28 
2.38 
Precrack 
load 
!til kip 
53.4 
75.6 
26.7 
40.0 
75.6 
44.5 
48.9 
48.9 
22.2 
44.5 
66.7 
26.7 
35.6 
35.6 
48.9 
53.4 
.. 
12.0 
17 .0 
6.0 
9.0 
17.0 
10.0 
11.0 
11.0 
5.0 
10.0 
15.0 
'.0 
'.0 
n.O 
11.0 
12.0 
Faill1re 
load 
kOl kip 
120.8 
161.2 
69.7 
112.S 
166.4 
91.4 
106.5 
121.0 
52.5 
99.2 
152.8 
62.7 
91.2 
86.5 
97.4 
116.1 
.. 
27.1 
36.3 
15.7 
25.3 
37.4 
20.5 
24.0 
27.2 
11.8 
22.3 
34.3 
14.1 
20.5 
19.5 
21.9 
26.1 
110 crack e~tellslon measurable dlle to poor resollltion on 16i11i1 film. 
Crack resoluti:m near instability lost due to e~cesslve bllckling out of the focal plane of the movie camera. 
H Specimell failed in the 9ripS. 
FlIll Section 
Failure Stress 
MPa ksi 
244.5 
331.4 
141.2 
231.9 
340.3 
187.7 
217.3 
248.2 
106.2 
202.6 
310.8 
128.2 
185.9 
175.6 
197.9 
234.2 
.. 
35.5 
46.1 
20.5 
33.6 
49.3 
AVG: 
AVIi: 
27.2 
31.5 
36.0 
AVG: 
15.4 
29.4 
45.1 
18.6 
27.0 
AVIi: 
25.5 
28.7 
34.0 
Critical Stress 
Intensity, Kc 
'WaViil ks1 Viii'" 
62.6 
58.6 
60.6 
66.7 
66.7 
97.9 
97.9 
51.1 
51.1 
• 
.. 
.. 
.. 
57.0 
53.3 
55.2 
60.7 
60.7 
89.1 
89.1 
46.5 
46.5 
"", Table 
",. 
1:2-2 
<2·3 
1:2-4 
1:2-5 
.. 
<2.' 
<2-3 C2., 
•• 
-•• 
Figllre 
",. 
C2-1 
C2-1 
C2-2 
<2.' 
-
C2-4 
C2-4 C2., 
-
C2-9 C2-3 
-++ + • 
.. -
C2-10 C2-5 
C2-11 C2-5 
2;:! 
... ,.. 
.!.t n 
=C! g)", 
,..rn 
Za: 
eorn 
N n 
::>$ 
... :z 
!.!fi 
!!leo ,.. 
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m 
'U 
o 
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r J 
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..... . ~ ~~. • tij •..• i ... ··. H ...... ~,., ~ r-'- a -:-, 
b~:::==:::~:::·\:~~:::~:::~:y::«:::::~:::::::::::::::~::~:lir~;.t;~I.:~:':';~~;0:'WAi;;~~~:J 
~ Q 
~ 
l ~ LOAr KN ~ IPS po 
..:: ... ... 
Q 
0 
a 
q4.1 21.~ 
112.5 Zg.l 
119.7 26.9 
12':.i} ~7.~ 
po 
Ia 
UI 
Ia 
UI 
i (") I '" 
'" E 
c: 
:! 
n 
UI 
n 
0 
t 
J 
l 
'( 
• 
~ (j) LOAD 
.. KN KIPS 
:8 .. J 13 ? ... 
14 .5 ~ .5 
15 .i: , , ., 
15 .7 3 .Y 
16 .. ? 
.' • J 
",:" ",', "',1';,' 
TABLE C2-2 
<:;p::r.Tf"'fr-> t.:!lMO~OI 
ALLOV' 
O~t EN UTI eta 
Ca~~TqA I NT: 
TEST TE~P~D4Tl,q~1 
SOECJ~EN T~ICK~~SS: 
K ."'.aX) r:lUtHNG PRECRACKH.I~: 
A,HALF' 
rO!!'CK l EUGH" ;"):;:L PI. 
..-r., PI 
"" 
~ 
TN 
1?3f: • r. ~ 6 
1::.7E : .. ..: - L ...... .f'j42 1.4'; .:5 15 .. 7! .61 q -: .. 37 .~~ HI. :J2 .. 7'j g 1).61i •• < 
22 .. 35 .dB: q.qq .. 3g 
U'l-1L3 
2n4-B61 
LCNGITUOINAL 
IlNSTIfFE ~E J 
144.3 K 
1.0& ~H (.:es ItJl 
21.3e MPA ~~RT(~I ( 1q.4§ lSI SnRT(INII 
STRESS 5TRE~S IMTE~SITY 
~PA S~OT(~) KSI SaDT(r~, PULL S"CTICN NET SECTION >!PA IH "PA KSI 
:.. .... ~ o .. ~ : :.tiil C .. Z J ~ .. U J. ~2 40.llft 36.4~ 191.7q 27.11 211.~ lD.E4 5u.C;~ 4&.4!J 227.fll !3.~lt 254.1 3E.q4 56.11:) 52.g2 242.21 35.12 27~.5 3c:!.Q6 f)5.S~ Sq.E'i ?It''.Gl 35.3q 297.J 41.6 ! 
TABLE C2-3 
5P;:r:IHcfll tlUf1:;EOI 
ALLeY! 
OIH'ONTATTONt 
CON<;TP.AINTt 
TE~T TE~PFnATUPEt 
SP£~I~E~ Trllr.KN£<:;S: 
~(Mnx) OU~IN; p~FcpnCKJNG: 
a.t'f~lF 
r:qnCK LENGTIi nEL Tn e 
~t1 Itl ·~M 
1;.1: .. 2:.. ~ ~.tL 
'" fi.37 .. ~11 -.73 -. (, .. 8 r;: 
.. 27: .7e 
7.82 .3H 1.73 
~.2'G .3n 2.11 
11.71 .. !till fj .. .) ~ 
IN 
C" 2~ 
3, 
oR 
83 
21 
!J&3-2L11 
2024-T861 
LONGITUDINAL 
UNSTIFFE~EQ 
144.J I( 
1.63 1"""- (.JEt. IN' 
21.5~ ~pn ~QgT(M) ( 1Q.SQ KSI SQoT(IN)' 
STRESS CjTI;:=:c-S INT~N$ITY FULL SEeTleN NET SECTION 
~PA SC:)T(..-, KSI 
". DO 34.Qr. 
Lt5.12 
tjj. ~3 
52. n 
61.27 
SORT! IN) 
il.OJ 
31.7q 
41.~& 
4S.Q8 
"S. n ~7. 67 
MP4 KSI HPA kSI 
J.DD 
268.77 
'1':11.17 
321.7q 
~2B.H 
~2Q.l1 
:: .. a c 
l8.9a 
.. 4. 15ft 
46.67 
47.SQ 
47.73 
D. 00 
278.8~ 
321.Q7 
339.63 
347.32 
357.19 
O. DO 
4C.43 
4E.69 
4~.25 
SO.37 
51.80 
"-~\.,.. 
~i 
aa 
-'" >'" !P! i! ~fl 
=i 
~ 
;g 
'" 
o 
",", jfg 
;:'I:!l 
... -~lll 
TI 
-2 
l> 
r-
:II 
m 
C! 
~ 
',' .. -,,-,' -,,' 
, 
~, 
y! 
;!: 
',~ 
,: 
~l ' 
/. 
~',;; 
~~ 
, 1 
',"',,",1 , , 
f'- ~ 
"C' .. 0 ~gilldM¥~\l;,"''\I.il1~~£~"",.;;,tii,"'~fiii~&ri,";';:''~l~ii~;;~;2'-:iilii~~~';';!;j':';;ili.!~(\.ciJ;':;',Sy'"",;""";i~":la,,,"';j:;,J;;;,;).~~~~";';::iAl,;~L';;;j,~·;yJ;i;;~i4@!oi;S,gii .... , """'ill,;i. . .;J 
'",; •. ", .. -,""'_~t;- "'~~_~,.t-~.- /t:"~,,, " ,,~·;~t~;: "--;:rp-' "'."f" '. i'Y'··' -"~,, 
--"-J::"" '-J'T ~.: 1:' :~',~/;, __ '·r:., ~._;_:> ':,·'''_:l'? .. C' . '-_;~:." "7;. ' 
tit £ WE !LIi1t& ~ 
r f _,>i,,",", • OJ.. ,."e." '""--'--r.~  :•.• 
!i>.: ;, .. . '. ~~ '. 
...... ' 
i' I 
iC g 
~< ~ 
",i ~ f~'; ': III W .. 
, (H~n 
SO~CIM:~ NIJMPEUt 
ALLOVI 
opr~NT4TrOHI 
CONsr~Al~TI 
TE~T T~~PE~lTu~r: 
SPErl~E~ T~IC<~E~~I 
eUPIN; PWEC~ACKT~.~: 
TABLE C2-4 
2C.4~ MPO ~npT(H' ( 
U"~-5LZ 
202~-H61 
LONG nvo INA L 
U"'HIFFE~E1 
2Q4.: f( 
1.;;0 ""'" •• ~&:; nu 1P.61 K~! SO~T(IN)) 
STRESS l:i:·' ,.. 
~t' g LOA[ KIPS 
A,PAL~ 
CQAC~ LE~~Trl ')~L T11 J! ~TQ~'5, I~TENSITY FULL $ECTION NET SECTION 
~N ~M Itl ~M It I '4PlI, Sr."'T."" &($1 SQ~T(I"J) MPA 1(5 [ MPA 051 
~\r" a 
~;i I .. ~ii;:'1 ~ ~i' 1/1 ~ii" ~ 
~+ ~ ,.. , 
~;i' 0 
~'. it ~!.. ~ ~! n 
)' 
'" ... 
~ • j 
5~.7 
F):..4 
.J • ~ 
12.3 
1:!. ,'\ 
4! .1J\ 
41."1 
42.q? 
.62 f) 
• 'lft 6 
.ng: 
".G~ .~~ 
1.5:::; 
CL 
17 
6! 
r:. to 
l~c.'. 2: 
4~. :.J 
TABLE C2-5 
J.:iO 36."'-: 
to3.77 
,j. CJ 
11·~.7:! 
12".24 
0.00 
1&.06 
18.0Z 
~~;'! - (ft 
~f{K g ~ p~ C HE N ~U'1flEJI U6!-1LZ 
'i>' .. ALLOY' 2GZ~-Te&1 
'iii .. OP.IEf~HTIO~1 LONGITUDINAL ~~'. JIll CO';S T> ar NT! UNSTIFFE ~EO <: T€~T Tf."1PEDnTIJ~€: 2Q4.:: I( ~4 ~ SOEcrME~ THrC~NESSI 1.63 ~H (.GE4 IN. f;.' IIIiII: K(H4)') ~LI~tN:; PQ:::CfOl4CKlf\'r,1 2!.'3c; fAP.o. Sn~T(H) ( '1tJ.<:!q KST SQPT(tri)' 
f{/ 
~.d III 
O.OD 
153.q~ 
17lt.5c 
Z~:U 
2:S.31 
~.i! • • ,Hf,L" ST!>ESS 
I ........ ·· •. ' ... '.... !/j LOAr C,ACK LE"lGTH ryELTA ~ qo;:ss INTHIStTy FULL SECTION NET SECTION 'c,.. KN K TP$ "M 1'1 "" IN ~PA S tOT (H) KSI S CRT II~) .PA I(SI "PA KS[ ·f\ l:.: J.'; 21.r.P5 .'H.,4 u.u': C • .::('C 'J.OO O.(j~ :.cn a.OJ D.Uti r.oo ,,,:. :;q.~ 1:'.4 22.1 '! .~71 .18. ;:7 32.Bl ZQ.87 122.82 17.81 144.23 2[.92 ~. ~2.3 18.; ?~.~R .)2~ !.~~ .-Sf 4~.~; 42.46 16Q.57 ~4.5q 2~1.10 29.16 
i!i!ii 
.'" zl'i 
"'n 1::1$ N
Z ttl 
=g 
;! 
§j 
tf,/--;, ')3.4 21.1.: 2r..,jft .'34f- 2.:g .~e2 ':H.75 46.91 1~2.4R 27.91 Z29.4~ 33.28 
';t/' 11':.13 24.9 25.51 1.0J7 3-.fl'l .143 bS.~.q Ijq.q~ ~?q.23 3'3.1Q 275.4Q 3Q.9S c 
~-:,'~:' 111.7 2S".1 2'C,.71 1.':!6 ".Rr; .1,)2 6FJ.7~ ~il.72 23J.O'; 33.3E 278.2C ":.34 s::.! 
~ fn ~.:.. ;:'I!! 
c,:! 
." 
2 
3> 
r-
:zI 
m 
C! 
~ 
." 
:' 
1<.'.'.'.'.·: :s iii : I" ~i:_:1~7~~m$:;asF_rl$!w:m"Iii!'j.il;a: ;,;j:;ar~a'-"'~-::"-- '~.'" Z';-"",,·'<l'~:-·-,,:>:-·"~-"' '':'''"'':'J"'"''''' ~'~~C-'~!,..".,'·,··j·-si!'17;,~.;,-~.,.<f''''""''-·-.- ,",=,,",,'c,., ,",,~_.,,~ _ . l ". ,; if'i .'., ............. ' ., •. : ........... .. i. i < ...... ,.: •.......... ' .,: ....... . ~~~~.,!&\' .. r; It 1Iii.~~wmil'~.\l~.i;;Dlliii~li<ifi- r ..• f'4Ia'lllIli!\l'1"~'" ;¥kiLWg)L~§ii1~~~wi;r:~tl~J.;t;~--,~~~;;~5i]lii~,g'b4t~~~i~i~~~',tl~'-~~:~~~~-a:~~~~~j;;ci;.lkE~;i~~:i£&iili~;£~::i.;,~:-;Jl~J-:!-,.;;ii:il.;j:,··;):,'~;,,:~-t;;i:ji!;;.~4-l~iw;E\·-;$L-,~::)'~,i-4+fl\k-Ji'l';; "'!--,k:;,.;i.*.,~~iyti;.~J-~44K'iik·i;!,;,-4ji1 ::z' >';:'**'.,6 ~:'@:'-"~:-;.;-<:~: ;~ 
f ~ 
I>' 
'. 
~:, 
" ( 
t 
I'" 
( 
~. , 
,;, 
r" 
:1' 
t g 
~ 
i! 
~ 
I" 
II 
~ 
~ 
III 
II 
III ; n I 
I N '" II 
c: 
:! 
~ 
g 
I Ii 
i! 
~ 
• 
~ 
10 
oj 
LOAn 
KN 
, .. 
&Z.3 
:3l.d 
q 2.1 
q ... ! 
~% 
~g 
02< ~~ 
'@>-ti 
E~ ~tn 
LOAn 
KN 
... .; 
52.9 
66.9 
q1.:; 
98.8 
1)5.': 
qpS 
... 
14 • .:i 
1;\.4 
2'.:.1 
2 ... ! 
KIPS 
1 :9 
1 . ., 
2 .; 
2 .2 
2 .E 
TABLE C2-6 
SP::CI"'E~ NtJ,.,q~J?I 
HLCYI 
ORIENTATION. 
CONSHATNTt 
T~·ST TE'1P::~ATURr:1 
SPECI~EN THlr.KN~SSt 
v (fo'lA){) OlJPItJG PR£Cr;:!!.C!<T"Jr., 
:~,t-tdLF 
CPAt.K t t:'~GTtf rl'=:l T.!I. A 
.v 1'1 ,,,,., H, 
4~J .44 
.::)46 .. .. . : • ': l ~ <; dj • q::;, '\ 
.56 .~22 , 
. :. . .:47 :? .? f. .1~ 1 5 ."2 .31£. Q.3'\ .::F,O ;; 
.58 .:;82 !f:.l!t • ~3 5 
U~1-~L2 
202~-T861 
LCNGHUCIN_l 
UNSTIFFHE!l 
450.~ ~ 
1.64 ~M r.~64 IN) 
3R.64 MPA SQPTlMI ( 35.17 ~S! SOPTIINII 
ST~ESS STRESS INtENSITY FULL SECTICN NET SECTION ~Pll S():tT pn KSI SQRTlI'II MPA KSI MPA KS! 
· . 
, O.~j , .. G.al iI. GO 0.00 Q .' .... s". 4q.~1 127.6~ 18.54 1;H~."15 27.91 73. 
" 
66.111\ 15".~2 24.37 2~8.16 37.44 9t. 1 8l.g? 189.02 27.41 312.44 45.31 9,. 1 137.2lt 11\5.37 2&.88 331.2~ 4S.C4 
TABLE C2-7 
sP;:r.r~€, .u~rFol 
AllOY I QI1IENTATIONI 
CONSHA INT' 
TEST TEMPf~~T1JO~: 
SPEcr~~~ THICK~E~S' 
'< (MAX) ~IJQrNG PP.ECRACI('INt;1 
A t-'ll.LF (:~4C~ lE\j~T~ a cL T ~ t .~ I', ~~ 
It:. q1 .51 
':42 1. 41.32 • fl2 
It.~. 4 E- .71 2.5; ltS.31 
.78 It .41 
41.F!6 .~8 f.H 
1i!.'!7 .C4 ::.~ .q,=, 
IN 
i~ 
.< 
7? 
74 
3, 
U~3-1l12 
2u24-T861 
LC'IGITUCINAL 
UNSTIFFE~EO 
~5Q.:: I( 
1.0; ~M (.:65 IN) 37.54 ~PA ~QPT(~) ( 34.16 K5t ~a~T(IN)' 
STFEs> I"ITENSITY ~PA SfP, (!.A' I(sr ~ap.T(TtI' 
ST~ESS ~lJll SECTICN NET HenON 
~PA K~I HPn KSl 
• ~ c 4 • ~& , 
• R1 7 .83 
e .4~ 
q • ~2 
J.G: 
J7 .1~ 
ll9.Q3 
~a.!: 
15.Q;C 
R,.11 
:. : '1 
1') 7 .. ge 
14~.fi" 
left. q2 
2,1.44 
214.14 
:::.jO 
15.'=:6 
2D.40 
27. Ii 
29.21 
31.Q; 
J. OJ 
149.44 
1ge.o;~ 
268.6'3 
296.8E 
328.55 
0.30 
21.61 
2ft. eo 
38.q6 
43.:t~ 
47.65 
, . , 
':"'-" "" '. 
iai ~~ 
!!i!ii 
:..'" z. 
co'" N n ¥~ 
;I~ 
21 co 
:.. 
~ 
iii 
li'a.: tt=! 
:.m 
... -~gj 
"TJ 
22 
l> 
r-
::D 
m 
~ 
~ 
F-i 
'. ~ 
j; 
~:; 
~.,' 
;;~ 
j;J 
.. ~ 
l ~ , ,- l , - -', ",,'-' ! ;4.WliJIi;.jM~;Q;k.~~~~~~Jft~~~~k&\wJ..\ib",;;'>lll'i: .. ztw"tfffiti:~~Sl •• ;"''':l,~,,=.£L~~.k&~~"",>l1>.O:l.t,,.i-'i!i£bdJ),~~!Wi ... ~~~~ ... ~~~ ;;';i¥j~i' '£j~'!'~b;~:;:~:~~-::j 
P"" ,""S" ",. """"",,',,:, '''"''''ii.'7'·'';:·' ""Ci:1""i "",,"""1 ,,,,,.,,.,,,,,,,' ",,-,}~\;.. ". ;f~"r '.:' ',er '~;.''i'" . ,;,pc -, ",~"i; '<.r'-i: -,.' :',,;->",O<'r~ -',''':'_ :_C":!.)_'?::', ''''; ':';"~- "~!',<, ,:" "~~_,,,,( ;rl,'}~'J~:,".:",,\~-,' __ :':'_'~'('i" -" ':-1I"'IV .. i:\"C;:. ':0.>.'.:':< .,.. ,~'~-,~" .. 
. ~, V~w>t!t.:\f,jg!HtltLaz: &ZihfiJ$i§Zm l3l1!M.il ~~~~I$C-= saue ax,;wm:tamc =Miii!!kGiMGi ~i'!IW!!I!:' ___ "'II!!!"'''!IlIIIIII!!Il!!ll''.!IIII.1II1ll!I1IlIoI 
~ g 
~ 
~ 
I" 
I" 
Q 
LOA[ 
KN KIP'S 
0 
r: 
CI 
I" 
~ 
I 
WI 
~ 
fA 
~ n I 
0 
'" ~ en 
l::f .. • f, 
61.8 1 .g 
i6.~ 1 .~ 
105.4 2 .7 
11,*,3 2 .7 
r: 
:! 
n 
WI 
n 
0 
~ 
! 
~ 
'( 
• 
~ 
III 
'I 
lOAl; 
K~ I{!P$ 
t.G . . JoJ 
61.4 !'!.6 
ol.q l.!.g 
sp=:r!f"t:"N t..'J"'~r:~: 
HLOV. 
ORT E~!TAT refU 
C!)rlSToatNTI 
TE~T TP,oF::PATH"EI 
SPECI~E~ THT~KN~~~I 
t(I{ C'.,n):) ru~tN:; pqECF;lt'lClln~G' 
TABLE C2-8 
UF,.~"'3L2 
2ij2~-T86l 
LONGITUDINAL 
UNSTIFFnEO 4S~.S I( 
1.t;" tiM C.064 IN) 
:?:2.!f MOll ~nCT(M) ( ·2Q.Z; I(SI S:OPT(II';" 
ft.t-i\L~ 
STRESS 
STFESS INTSNSTTV FULL SECTION 
NET SECTION 
.51 
r:QIlCK '-:~~":,Tt1 '"!~l T.l tl 
~~ PI M" Ito "PA 
Sl';oT (fA) KS I S t)I;!T (PH MPA KSY ~P. 
'!: .. ~f 1.21 g C.il: j. ~ u ~ G. C C 
: • ~ J o.eo 0.00 G.nn 0.00 
1: .1:),": 1.243 . ~ ' .. • : 2 '+ 7.bS 
6.99 23.72 3."" 3u.le ".)6 
1:. 7 ~ 1.2 .. R .7!t • : z c 41.17 
!7.47 12&.R2 1A.'JQ 161.0Q 23.16 
n.El 1.:"23 7. ..... G • 1i'. (. ,Q.36 
";4.04 17"', £.0 ~5.&1 228.5~ 33.1~ 
1 .... r:" 1.~21 C::.1Z • 2i.. 2 
7r;.1:j4 11'1.75 21' ,Z! ~1.3E 2~S.3CJ 41.37 
'tr;.5 11 1.'562 ~.72 .743 !\ c:,. F:!: 
78.~1 234 .. 
" 
J~.GO 31 Q .57 "&.3" 
TABLE C2-9 
:;p::CI~r"l NIJ!'1~E"Q: 
HLOV, 
OPENTATIn'J' 
CO "1<:) Tt! t. I !\IT I 
T~5T TEMFEP~TlIP~: 
SPE~T1~N THlr(NE~~: 
K(~AX) ~U~I~; P~ECQ4C~tN~1 
A,I-'AlF ;")ELTI1 r~ C~ACK LE'~('TH !f! ~M r~ .. ~ 
«':.11 1.51l1 O.De ~. !jJ~ 
4:.'i1 1. :;q 5 .3tt .:14 
·.7.;: : !.. 61 j 1.33 .2dg 
U6!-ET7 
2a2~-TA6l 
YQAN5V'" .SE 
UtlSTIfFE ~EO 
~q4.':: I( 
l.r,~ ~M (.G6S INI ?~.3: ~PA SORT(M) ( 18.~1 ~Sl SO~T(IN» 
STPESS 
FULL SECTION NET ~£CTION ~PA KSI KP~ .S1 STR~cS INTCN~tTY MP~ S CPT 0'" KSI saPTlI~1 
3. GO 0.00 
4c::.q~ 42.70 
'52. 1 ~ 41.43 
1:.00 
1ZC;.50 
12~.41 
G.Ol 
15.2) 
18.33 
C.Ci:. 
112.33 
19S.S? 
0.00 
2~.9q 
Z6.'l0 
iai t~ !!i 
,..'" i!i~ 
N n ;::;s 
f:! 
;ISh 
!!leo ~ ,.. 
il 
~@j Itn 
:'J!! 
!!j'" 
... 1lI 
." 
2 
l> 
... 
21 
m (! 
~ 
:~,~,'<''" . ,:'1 
h 
h· \ 
,A. 
"" -'.-. 
i,~~~iV·:-<i,~J.':;;~~';;";!;?ri··3~~~~,..,.i;f.ij:; ... ~;:..:.:;J 
~ 
Cl 
1:1 
CI 
iI! 
iI! 
~ 
1:1 
CI 
e 
CI 
I" 
~ 
1/1 
~ 
1/1 
~ n I 
! N ..... ;:: 
::! 
Cl 
1/1 
Cl 
CI 
~ 
~ 
l 
<Ii 
• 
~ 
III 
.. 
~~" 
LOAr 
K ., ~TP~ 
, . ~ . 
!l8. , . 
84. g. 
H. g. 
34. e. 
L ~~r 
KN <IPS 
qg: 
lUi. 
tiJg. 
113. 
"'" 2::.1 
2~.1 
24.7 
25.E. 
~»:, '~'i>:il', '. ';,'" , ". ; ~,;>"", ", ',t:,~., "".,:-.,-, ~,i' • .,""1" ", 
TABLE C2-10 
~p::r;ll"~t. N\JMB~~t 
llLLOVI 
001 ENTD. T!f:O~U 
Ct1NSTRnrNTI 
T€~T TE~PEDnTURfl 
SPECI~~~ T~Tt~~F~~: 
"': (MAX) I;IjP!N; PQECR.'lC'<I~G: 
It, HA LF 
r,Q4Ci< It'H;T~i )~ (~ fl 
~M yo, 
"" 
J. 
IN 
C:. -+!..o~ l.~3 A J.Oli 
"·.1~ 1. <;a2 -l.'tia -. -.1 4·~. ~? l.f)? t.. .4 1f, 
4:} • ~ fj 1.71'! 2. ;.i ~t 
4G.lt. !.73C:: 3.73 47 
U6!-6T1 
2G2~-TR61 
T~ :.NSVE lOSE 
UNSTIFFHEO 
450.3 K 
1.6, "M 1.0&5 INI 
'1.17 MP~ saoTIMI I 3~.37 KSI ,~~TIINII 
STRESS 
NET SECTION Sft?':S5 IUTENSITY PILL SECTION 
MPn SCDT('4) KSI SOqTl 1~1 HP~ KSI HPft WSI 
O.(;J :. ;a ~.~o D.O~ O.!!G O. DD 
St.77 41.12 13Q.lc 20.18 tq·l.&;': 27.63 
"5.~t ~q.71 111.;q 24. q l 23Q.a7 3~.c7 6Q.27 ~ 3. J It 117 .12 25.68 25G.~2 JE.J2 
6R.3q 62.74 11~.7q l4.7? 245.4I~ 3S.'Q 
TABLE C2-11 
~P:::";IM£N 'JU'"':-:f:)~ 
t\ Ll cv I 
oPtE~tTATr(l~: 
CON')T~£: P T t 
TE~T TEMFE~ATlJ~~: 
~::lt:r.l"1EN PHr.K~JE,)": 
K(UAX) ~U~J~; PPEC~~CKT~G: 
n.~~lF 
CgAC~ i~~GT~ 
~M IN 
3 .... 2" 3 7 -"': ~~: f:~ 
:7.51 
4':.)~ 
1.lQt,j 
1.~qCl 
~.3r,7 
1.471 
1.57 '1 
tJfLTAb 
u,'t T 1\1 
, .. 
... J .. 
Z.7r' 
4.:;: 
7.2.7 
C!.14 
j. ~ t.l 
.1: t'; 
.177 
• 2~H 
.3~" 
U'1-4T5 
202~-T861 
TQA"~VE.SE 
UNSTIFFHEO t.;:.: I( 
1.~f. ""to! C.C66 IN) 
34.[5 ~pn ~QPT(~) ( 3~.qq ~SI SQPTCIN)' 
ST~ESS 
~TG~SS INT:~SITV ~UlL SECTION NET SECTION 
l-1po. SC::JTCt-!J I(~I 5!,)~T(l'n ""pa KSI MFA KSt 
:J. il~ 
h~.44 
7:. q2 
79. (J 
8S.3:; 
:l.CJ 
~: •• 7 
07.27 
72.07 
77.,,7 
; • j 0 
2 C.11 
2 ~.2& 
2 1.55 
2 Q.7! 
o.OJ 
29.02 
31.3~ 
32.14 
33.31 
0.00 
257.04 
?8?~1 
296.23 
314.27 
C.3C 
n.27 
r.t.qa 
r.2.~6 
4::.57 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
0 
140 
120 
100 
BO Stress 
Intensity, 
MPa .1m 
60 
004 
0 
40 4 
20 
o 
FINAL REPORT 
Crack Extension, ~a, inch 
0.5 1.0 1.5 
0 U63-2Lll 
4 U63-1L3 
4 
0 
4 
B.O 16.0 24.0 32.0 40.0 
Crack Extension, ~a, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Longitudinal 
Temperature: 144°K (-200°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
C-2B 
120 
100 
BO 
60 
40 
20 
o 4B.0 
MCDONNELL DOUGI.AS ASTRONAU-r.c:S COMPAN..-. EA6;T 
MIlC ElI53 
Oclober 1974 
Stress 
Intensity, 
ksi I!iI 
FIGURE C2-1 
FRACTURE MECHANICS DATA FOR 
2trl4-T861 AND 2124-T851 
o 
140 
120 
100 
20 
o 
-~--···J_=~~--·l 
FINAL REPORT 
Crack Extension, ~a, inch 
0.5 1.0 1.5 
o U63-1L2 
o U63-SL2 
S.O 16.0 24.0 32.0 40.0 
Crack Extension, ~a, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Longitudinal 
CRACK GROWTH RESISTANCE CURVE FOR 2024,·TS61 
C-29 
120 
100 
so 
MIlC Ell53 
Oclober 1974 
Stress 
Intensity, 
60 ksi Ifi1 
40 
20 
o 
4S.0 
FIGURE C2-2 ' 
p 
I' 
~'~ 
MCDONNELL DOUGLAS ASTRONAUTICS COIMPANV. EAST' 
j 
\ 
?i 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
Stress 
Intensity, 
MPa 1m 
o 
140 
120 . 
100 
80 
60 
40 
20 
o 
FINAL REPORT 
Crack Extension, M. inch 
0.5 1.0 1.5 
. 
o U63-6T7 
o 
, 
B.O 16.0 24.0 32.0 
Crack Extension, fia, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Transverse 
Tempe rature : 
40.0 
~ 120 
. 100 
80 
. 60 
40 
20 
o 
48.0 
MDCE1153 
October 1974 
Stress 
Intensity, 
ksi Ifil 
'r '" "~'" 
i 
w::±.:::b!B: :1J!!J!:t&::sst::t:L:1. 
FRACTURE MECHANICS DATA FOR 
2124-T861 AND 2124-T851 
o 
140 
120 
100 
SO 
0 
FINAL REPORT 
Crack Extension, ~a, lnch 
0.5 1.0 
o U63-3L2 
o U63-1Ll2 
o U63-6L2 
0 
0 
0 
0 
Stress c 0 0 Intensity, 
MPa rm 
60 0 
o 0 
40 #' 
20 
o 
I i 
o S.O 16.0 24.0 32.0 
Crack Extension, ~a, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Longitudinal 
Temperature: 450o~. (350°F) 
1.5 
40.0 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TS61 
C-31 
120 
100 
so 
MDC E1153 
October 1974 
Stress 
Intensity, 
60 ksi /fi1 
40 
20 
o 4S.0 
FIGURE C2-4 
MCDONNELL DOUGLAS AS"".ONA'U ... 'CS COMPANI"". EAS·T 
1 
FINAL REPORT J 
FRACTURE MECHANICS DATA FOR MDC E1153 
2OZ4-T861 AND ZIZ4-T85J October 1974 
Crack Extension, ~a, inch 
0 0.5 1.0 1.5 
140 • 
0 U63-4T5 120 
a U63-6T9 
120 
100 
100 
0 80 
80 0 
Stress Stress 0 
Intensity, Intensity, ~ A 
MPa rm- F 0 60 ksi /fi1 
60 
40 
40 
,> 
, 
,'.'. 
" 20 'x 20 ~ 
r< 
:+-
g 
'" 
40.0 48.0 0 0 8.0 16.0 24.0 32.0 r,' 
Crack Extensi on, ~a, mm 
Thickness: 1.60 mm (.063 inch) 
Orientation: Transverse 
Temperature: 450 0 K (350°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-32 FIGURE C2-5 
MCDONfittELL DQUG&.AS AS-r_ONAUTICS COMPANV. BAST 
"'1 "'7 
t 
~( 
r -, ',,:'_' ., -- •. '.-r-: 
..... ····WT< """'::::l::::'7 1 .~~ 
FRACTURE MECHANICS DATA FOR 
211Z4-T861 AND 2124-T851 
FINAL REPORT 
SECTION C3. FRACTURE TOUGHNESS TEST DATA FOR 3.18 mm 
(.125 INCH) THICK 2024-T861. BUCKLING RESTRAINED. 
C-33 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. £A57' 
MoC EII53 
Otlober 1914 

",. 
i~, 
l 
t ;', 
t"'"-j' 7' r 
f" r 
I:' 
t.'.,' ! i~; ~ 
t( I~ 'J' :>j 
r> i.. ;a t;· .. 
ti' n 
p' II 
t' 0 
,;, I 
~, I 
~{ nr 
ti' III 
! I" ,
"u .. 
r" ~ .. 
°1 g r.'.' CI t" . r-
1····.'.·.,;·.···.·1 ~ F· ~ ~". III " 'I~:: . 
'1' II 
L '" ~; '" ~1 Ii 
~, c: 
t':' .. 
r~ ill ~, ~ t~, n 
'" 0 ~" ~ 
f', ~ 
fcC' Iii 
("') 
I 
W 
U'I 
KN 
LOLL!) 
KIPS 
0.0 
72.3 
74.1 
89.7 
1D 7. It 
112.1 
114.5 
115.5 
l1S.7 
11S.7 
o. 0 
16.3 
16.6 
ZO.2 
24.1 
25.2 
25.7 
26 • .:1 
i:!6.~ 
2fl ... 
K" 
L CAD 
KIP'i 
I: I o.c j." ':.: ~ 107.4 21t • .:! ':: 145.2 32.0 ~;' '" to".:! 3b.} !?_': IS5.1t 41.7 ~,,<_ III 193.3 ~3.4 
If: CIJ 198.2 44.;' 
ft·; III 234.( 1t5.'1 
!~._ 2ilT.€! 1t1S.'':' 
I( ".,AU 
COO 
E- 3 tiM £- 3 IN 
a."lJ 191.CJ5 o. ~(j 7.1)6 
20J.7t. 7.90 
24B.U 9.18 
306.12 12.05 
3Zf:I.1CJ 12.64 
343.76 13.53 
350 • .;7 'llt.18 
375.12 14.17 
:381.67 1~.26 
K (MAX' 
e.o') 
r- ') '1'1 £-1 HI 
7Ci:Q2 •• 0, :!.1c:. 
l1u.~7 It.35 
U j. il7 5.14 
155.79 6.17 
165. on E.'}3 
!77.36 b.qR 
tAR.CJ3 7. r.. .. 
Zil2.ltCJ 7.CJ7 
21'1.51) ~.6& 
c. P. ell 9.16 
SPECIMEN NUMBER_ 
ALLOva 
ORIENTATION. 
CONSTQ:AINTI 
TEST TEMPERATURE' 
SPECIMEN THICKNESS. 
DURING PRECR4CKINGI 
4~H4LF CRAC LENGTH 
MI1 IN 
it1. 0 2 1.615 
41.71 1.642 
t.2.4t. 1.671 
"3.04 1.69, 
43.~Q 1.728 
44.6Q 1.756 
45.G8 1.799 
47.11& 1.953 
48.51 1.910 
lt9. 7 6 1.9,9 
SP~CIHEN NUMBERS 
ALLOYt QRIEtlTATIOtH 
CONSTR.II,INTI 
TEST TEMPERATU~E' 
SPECIMEN THICKUESSI 
OWHN::;' PR€CIt'ACK[NGS 
"kH4LF C~AC LENGTH 
"" 
IN 
12.f:lJ .4q6 
12.72 .sa 
12.~4 .SJ'5 
13.27 .52.1 
13. -jlt • C;49 
14. D 11 .554 
14 • .3 3 .576 
15. J 6 .5q:J 
t5. ,'is .1j,24 
1&.77 .~&i) 
17.77 .!u ~ 
.", -~:i 
- ------- -,---_._---- -"- ---
TABLE C3-2 
21.19 HPA SQRT(H) ( 
125-1Ll 
2021t-T'I61 
LONGITUOINAL 
STIFFEt.ED 
IIt't. {] I( 
3.1<) MI1 C.125 INt 
lq.2i KSt saRTI IN) 
STRESS 
DEL T A A STRESS INTENSITY fULL SECTION NET SECTION HPA KSI HPA KSI "H IN MPA saRT IHI KSI SQRT UN. 
i).UO 0.000 Q.OO 0.00 0.00 
••• .tl27 29.0:1 2&.3q 16.22 1. &.2 .!l56 lo.~a 27.31 18.J3 
2.02 .060 .;-;;.613 33.38 94.57 
2.68 .113 41t.42 4').41 113.17 
3.58 .141 "6.81 "2.6 il 118.g8 
".66 .18" 46.55 44.18 120. 7 
6.0ft .238 4q.89 ft,.41 121.70 
7.4') .295 50.1)8 "6.31) 121.1)6 
6.7" .344 51.112 47.1& 121.96 
TABLE C3-3 
125-2L16 
202ft-TA61 
lONGTTUOINAL 
STIFF;::NEO 
llt ... J I( (.126 IN' 
SO~l( IN" 
3.19 I"M 
23.35 MPA SORT (H' ( 21.25 t(SI 
O.liil o. 00 0.00 
11.0S 1!lS.8& t~:~i 11.32 lU9.11 
13.71 13"2.99 19.29 
16.ftl 1£,0.4,. 23.27 
17.12 168.53 2,..,.,. 
17.5!! 11,..02 2!E.2" 17.6 __ 177.89 25.80 
17.61) 18D.8' 21E.22 17.6q 183.12 26.55 
STRESS 
DEl TO. A STRESS [tnE NSI Tv FULL SECTION tlET SECTION 
HH PI IiFA SQRTfH' 1(51 saRT (IN' "P4 <Sf HPO iCS [ 
&.00 o. J 0 a u. il 0 O.~il il.ilO o. D~ o. QG C.DD 
.12 .J05 22.67 2~.6"3 112. ~t 16.117 Ill.tt3 17.9il 
.Z' • J[,q 3;;.79 29.': 1 152.60 22.11 166.97 2it. ZI 
.6" • J27 35.44 32.25 172.1(] 25.il4 1$'1.51 21."9 1 • .!tt .053 4il.91l 37.1(] 194.!}5 28.26 21".~4 31.11 
1.4B .J58 42.9ft 39.06 2,U.10 29.4, 22".26 32.52 
2.C3 • a80 4 ... 9J ftj.55 2J5.25 30.2) 23il.96 33.ft8 2."6 • Cq 7 tt6. 1=13 42.71 214.42 31.1j 2'6.,1 !Ct.C;9 3.26 .128 4B.Bi) 4".49 217.5(] 31.54 2lt3.36 3'5:.29 
4.17 .1&4 51.14 1t6.54 221.1£ 3:2.Q6 2t.Q.U 3E.12 
5.17 .204 S2.81 4~.::;6 221.60 32.14 251.57 3E.48 
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I!lo 
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" C :Q 
"II 
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:D 
m 
'U 
o 
:D 
-I 
i~" ZtD.1t 47.3 '-,J 21D.g 47.4 ',' 211.3 '.7.5 2'.1.1f:. ':.81 16.'i't .(I+'l O • .l'+ .c")t; :0-'.''" "-:>_,,, "''''''' ...... 1.1.1r <:.8 6.3" • Z'i [l 54.71 tt9.73 222.1D 32.21 25ft.4J 36.g9 
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:;.-" 16 n ~ i e ~ 
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t< , -l ~; '. ! L~i\\~Ji7~~J.i~~~i;~=~~~~~~~~ji;i1.d(fiii<,:&Nk'k~~~.;~~i;.i~M~~t)4:;:5%4~~~ijut',;,1MiWiii*$tr:~b;?;;; 't-:,f;~~~iw::;:i:;:,;,4;{';~- -,0. ld,:h-t; -(ht-"" :~;{;i;'%§b~~:~;;4iX;jij!:~ ;/{-';:'6' jiki·~J.'~ 
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':'.' '''h,'-' ""\';1;;-
~r'i')!!!'!~:!~-"""'''''-''''"'''''''-='"'"'=''-*'" ~~~~="=,."=="" ""' •. """"""'''''''" =.=,..,.." ... - w_ ,,,",,,,,,,, """" r ~, '.-: f-r.- N 
,- Ia :l! I ~::: ~)i 
~-: 
~;.i 
~~;j 
roo' 
f-
fJ 
~;:: ~ W ~' 1\ 1:1 
~ 0 
J ~ t ~I ,. 
'I ~ II 0 
a 
c 
!II 
I> 
!II 
~ 
0 
E 
e 
~ 
1\ 
1/1 
1\ 
0 
c 
R 
~ 
~ 
• 
~ 
III 
oj 
n 
• w 
"" 
<" 
O.j 
216.3 
264.7 
280. ? 
287.1 
293.3 
296.q 
Zq5.~ 
Z95.:J 
lOAU 
I(IP') 
LO!\,) 
c. : 
1t6. b 
59. ? 
63.1 
64.6 
6!' .q 
66. , 
GEl.=:> 
6F." r, 
KN "rp~ 
. , , .. 
110.3 
115.7 
116.~ 
121.2 
122.7 
122.4 
c .... 
24.d 
26.0 
26.7 
27.3 
27.b 
n.; 
F-1 M't 
j. J J 
~F..:i I') 
q!l.qq 
11;.2q 
1J7.2? 
1'iJ .'31 
17lt.jJ 
H'I.3~ 
17'\ .3li 
f( (!>lAX I 
COr} 
SPECPIEN NU"'fJE~' 
I\LLOY~ 
OIHENUnC'II1 
CO~'STR4INTI 
TEST fEMPERllftlR~l 
SPECIME~ THICKNESSI 
nURIN(, P~EC~.!I.CI(INGI 
.l.HALF 
CRIlCI( LENGTH 
£-3 HJ 
"" 
I" 
GOl 
.; .. : l- s. ~ ~ .tq7 
2. ~3 S. ~!J .bB 
3.'::JC 5.:U .23'3 
4.Ga 6.45 .25'+ 
;.4C 7.38 
• 29 ~ G.:n ~.4u 
• H1 6.17 d.91 .353 
7.lJ2 9.2iJ • ]&2 
. 1. : 2 q.2i:t .3&2 
5P::CIHE'j NU~!1Ei1a 
AllOVI 
ORt EN TA fI orB 
CONST~AlNTI 
EST T(l1PERATU P EI 
SPEct"1EN TtHCKNE'SSI 
t( (rt4XJ 1)\J'-!tNG PRECRtlCKHIGI 
1t,IiAlF 
CG'ACK l€NGTH (-3 ~~ E-3 th 1":'1 tt~ 
~o_~ 
~3q.2'1 
Sfl?.76 
6115.37 
£,47. -]lj 
f15 ... Q (.flrl.Sj 
c. ~ ( 
~ 1. 23 22.G4 
2~.23 
25.5:' 
2 Eo 'i/\ 
27. tl 
62.1)2 
b2.:J7 
64. 0.1 
55.11 
6b.J7 
67.'S 
&6.4'1 
2.465 
2.415 
2.521 
2.563 
2. e13 z. eo.] 
2.6~& 
TABLE C3-4 
21.51 MPA SORTIH. ( 
12'S"215 2J2,.-T6&1 
LJNGITUOIND.l 
STIfF£ f'.EO 
1,. ... \1 I( 
3.22 HM (.121 IN) 
19.63 KSt SORTltNIJ 
5fRESS DELTA A STPESS I~T[NSITY FULL SECTION NET SECTION M" IN HPI\ saPf OH KSI S,]I?T(ltU HPA 
11.0 l C.~:;J O.::'J J.J~ 2Z~:g6 .07 • 00 3 2~.SJ 25.:J7 
.69 .IUS 31.&& 34.27 27E.1Z 1.43 .!iE;6 41.69 37.9ft 292.68 
2.36 .,j93 "5.61 41.56 299.57 3.38 .133 "9.80 45.32 305.98 
3.95 .156 52.CQ ~7.40 3Q":J.71 1f.1S .165 52.&~ 47.61 308.14 
4.1 B .165 52.61 41.67 303.74 
TABLE C3-5 
12,- 3l! 
2.!24-Td&1 
LONGITUOINt.l 
STI~FEt.€O 
2q~.G K 
3.21 HM (.127 IN) 
H.4C MPA ~aRT (HI ( 35.1'1; y.sr SaqTU~' , 
<$I MO, KSI 
O. JJ o. ~G 0.00 
32.72 233.61 33.88 
,.0.0" Z~7.53 41.Ta 
42.44 30'7.92' "".36 43.44 315.10 ,,~;.. 71 
44.37 324.26 It'.ill 44.91 329.55 47.79 
4ft.17 329.J6 47.72 
44.17 3Z9. ~6 "7.72 
ST'!ESS 
DELTA II STRESS tNTEN~tTV ~ULL SECTION N~~ASECT~~~ 
eM IN MPA SQPT (11) 1(51 ':j'~PT (fN' MeA W:SI 
e.G!; t1.uoa O.CD :;.OU :.I.uu O. DJ 0.00 0.00 
.25 .0111 51.&3 52.45 115.16 16.1J 199.~8 28.88 
1. "A .055 61.28 5S.17 123.76 17.51 211. 1 3i1.70 2.46 • GIJa &3.76 5S .!!r; 124.&7 17.99 22D.3C 31.Q, 
3.75 .14 II 6G.i.d GO.l-' 126.&1 18.36 226.2,. 3~.1Q 
4.9,. .19"- 61.63 61.73 128.12 lS.Sa 234.J5 33.98 
5.66 .231 68.44 62.2 B 127.85 18.5" 236.5~ 3'-1.30 
... s ' 
.!..~ Sl= 
-'" >"' z!ll 
",", 
..,n 
;;OS 
... z ;,il 
=~ 
;;! 
§! 
o ~i!i §-n 
:.m 
... -~lll 
." 
2: 
J> 
I"" 
:a 
m 
C! 
~ 
:} 
-,'; 
~:! 
; 
:t 
'~ :'! 
i':'*i:';~~:=~i~~;:'·-.'~d1~;;:~~~=f:i:;:~~W:;;i;:~~2~~:;;L~;~j[i!:1K~j;~5t]K~!,x;!rlr~IT!C!!JJ!!lGf.IJM."'I.ml mL~~;;k;~~ 
~ 
! .rI LeAD KIPS E:.-.3 '111 <.Iou::! 221.fo'5 271.210 3et;.71 Jltit.b7 
;nO.47 
IC (MAX' 
CO') 
E-! HI 
Ci. aD 
1J.'lf) 
11).68 
12. C Ii 
13.57 
14.59 
')Pt::CIHEN NUHBEllI 
~LLOY I 
ORIENTATION' 
CONS iRA INTI 
T£$T TEHPEPATUREI 
SPECI~E" THICKNESSI 
DURIN:; PRECRACKJ~Gt 
II HltLF CRAC~ LEN~TH 
"" 
IN 
40.67 1. EO'Cf 
40.90 1.&1(; 
4J.'i& 1. '=13 
41.?:1 1·,6(:<:0 
42.17 I.S60 42.as '., .688 
TABLE C3~6 
:4.52 MPA Sa~T 1M) ( 
.~. , ' 
12;-5L4 
2024-T1361 
lONGITUDI"IAL 
STIFFE NED 
294.J K 
3.20 HI1 (.126 IN) 
22.32 KSI SURTCIN,) 
STRESS 
DEL T A A STRESS INTE.NSITY fULL SECTION NET SECTION 
"PA .S1 HH IN HPA saRTCH, KS[ SQQT(JNJ "PA <S1 
il. D!I a.olio 0.00 0.00 a..10 G. Oil 0.00 0.00 
... .001 32.&q 29.75 86.94 12.61 119.63 17.38 
.,0 
• U04 36.72 35.24 102.90 14.CJ2 141.CJC 21J.58 
.40 .016 43.40 3Q.4'CJ 114.80 16.65 158.76 23.02 
1.3ii .051 41.93 43.62 125.15 18.15 114 ~3 25.31 
2 .. 01 .. 079 50.86 46.2~ 131.,.5 n.~& 18".;15 26.16 
2.57 .1Jl 53.( 3 4R.26 135.98 19. 2 191.Q2 27.83 
~··<Y·f·· 
.--.. --.. 
~i I ~~ ",0: 
-'" »'" zjfi rr 
"'n 
.... - I .• ~,.. ,~ ;;;ltl :!l~ 
;! 
~ 
'" 
" ':. 
~i g 
g 
~ 
O.C 
63.0 
98.2 
109.5 
ti9.r. 
125. S 
129.8 
131.7 
133.6 
134.3 
134.2 
134.2 
C.O 
IR.7 
22.1 
24.& 
21:).9 
28.2 
29.2 
29.& 
3D.j 
3C.2 
30.2 
Jli.Z 
3CJG. za 
4JIt.~5 
1 'E. :!& tt3.1t4 < •• 7tC 
15. 'lit 44.2~ J..74u 3.31 .131 54.39 49."9 131.97 20.01 196.15 26.45 .>.J 
1/1 
~ 
~ 
o 
~ 
n 
I 
W 
.... 
"17 .413 1~.lt4 
421.51\ 16.83 
44 :J.l'\ 17. ~3 
"53.7Q 1 7.87 
44.7:; 1.7&2 
45.1+2 1.7B8 
4&.41:1 ~ 1.831 
47406~ 1.1176 
3.aB .153 
4.55 .119 
5.&3 .222 
6.77 .267 
TABLE C3-7 
SS.&O 5u.6J 139.91 20.3i1 200.34 ZQ.Q1 
56."0 51.33 1ftlol0 2D.40 202.38 2CJ.35 57.22 1)2.07 1"J.65 20."a 2Dft.,,3 Z'h6S 
58.0Q 52.R6 1"-3.60 ZO.39 206 .. 66 ZCJ.ql 
.:' 
." 
-2 ,. 
a-
:a 
m 
'V 
0 
~ c: ~ n 
1/1 
SPECIHEU NUMBE~' 
D.LlOYI 
ORIENTATION_ 
CONSTRAINTI 
TEST TEI1PERATUFo'EI 
SPEcrMEN THICKNESS. 
DUPING PRECRACKINGI 
1Z5-3LIt 
2024 ... T8&1 
LONGITUOINAL 
STIFFEr-EO 
294.': I( 
3.20 MM 1.126 IN) 
21.6~ KSI Sa~T(IN't 
L,. 
n 
~ 
! 
it 
~ 
• 
~ 
1/1 
'4 
KN 
D.C 
109.l 
120.6 
134.2-
14Q. ~ 1&&.'! 
174.0 
179.3 
165. I) 
186.'3 
11)0.8 
LOAD 
KIPS 
0 .. 
2ft. i) 
l7.2 
B.2 
33.S 
37.to 
39.1 
4(!.3 
41.7 
"2. S 42.9 
I( (MAX) 
CrJJ 
E.-] H'1 E-l IN 
~.':D o.r..: 
14il. 3~ 5.152 
11)8.21 &.23 
179.~1 7 • .j 3 
20 ~. 21 9. CD 
i:3;.3ii Q.26 
251.84 !J.91 
P6;;':.32 1 G. 45 
261.Sil 11.06 
29?~7 ! 1. ES 
302.~} 11.j:jQ 
D.,HALF 
CQACK LENGTti 
t1f1 IN 
20.21 • 7q~ 20.3!J .s;; '3 
20.&7 • Bl~ 20.86 .821 
21.11 • ~33 21.71 .855 
22.l6 .869 
22.~; .864 
22dil .902 
23.55 • q2.7 23.74 • Q3S 
23.6& HPil liaRT (M) ( 
STRESS 
DELTA A STPESS INT£N~ITY FULL SECTION NET SECTION 
HH IN MPA SaRTCM) I(SI SOPT UN) ~Pil KSt HPA KSI 
D.Ot! o. uil il t' .• " 0 0.00 il.OO O. !I!I a.ilD !I.OO 
.12 • OilS 2'h31 2&.66 l1Ce.48 16.lSIil 132.63 19.23 
•• J .ill& 3,'. &6 29.72 126.61 16.31 141.16 21.33 
.50 .:123 3&.44 33.1"=' I1t0.&4 211.39 163.52 23.11 
.00 • a35 40.83 1:7.15 15~.31 22..68 182.25 26.43 1.45 .!l57 46.14 41.QQ 114.3& 25.28 20,..a9 2CJ.6D 
1.81 .071 itS. 7 J 411.32 182.45 2&.4& 214.16 31.'l~ 
2.19 • GBb 5i1.65 46.09 181.99 27.26 221.3C; 32.10 2.&3 .104 52.9,. .. a.l~ 194.55 213.21 229.56 33.33 0 
3.2a .129 54.10 "9.7!i 19B.03 2A.12 235.18 3 '.11 So! 3.47 .137 55.49 50.'iii ZOl.Jft 29. rJ1 237.94 34.5i1 Ifn 
" t~: 
:.m 
... -:;;!lll 
o"i r-;n ~1 , ~ p~ 1 •• !.. . --""".,. 
L. 'Woit')'il","*jyj,ii~~""~:t!"h;';'k'~Jil~';q';\i:kii.ti:l;:4t"it;tjl·"C'i;";i1:.i,",~.11,;,~;i' ~:;;"':~~ii.lw.\;~~"ii;;;'i",~~,:;,,;t4,\'iiv.~" '.i;;;\i;::;.U?~;i':';,.i'¥;ji\hi:fi:,;", ,;';ofu;,+, 00,; i,;;;,,~/J 
':';;-'1' >-.-'0j·:""'~:""·I"'· ""21" "'·'1' <',0' < . C-'."~,.-
","':'-"',' ,- V'~ t'T"'. ;·;-,;,x; :~,;-_'~ i'~>" -,,,~,,,,,.. '!_,':",'H ;;~,r ,: ~,::',y;.~".--
--, .'~,-", ('.;' ;"', \:01;'". 
1 
;:~> >~~'i"'>§M"E\\b!1l""'3l1!l1i1M""f"~"_"''''"\,>",,,,,">",,,,,,,,,,,,,"_'''''""~>1~~''>,, »~,",,"I.>","."""JM>:t'""''''''''''.4L'Si\\&''''_>", a=&It.,,* m&i4 A ~> 
"1 f ~I ~~ I 
I f~ I TABLE C3-B g! 2 ' 
~ 
tI 
1:1 
0 LOilO 
ii! 
"" 
KIP::' 
ii! o. c n.1. ~ 44.7 11l ... 90.ij Z:l.4 
I" 91.2 2Co. !; 
1:1 
135.Lt JO.4 
1&9. a 38.2 
0 lQS.5 43.g 215.2 1t9.1t c: 231t.C 52. E a 2ft3.& Sit.!:! 
I" 260.Q 58.6 
II 2~..,.C 60.3 
.:74.2 6t. C 1ft 182.S o3dl 
II Z88.Q 65.1:1 293.7 E6. ; 
1ft 2!J5.9 66.::' ; n 2 1M. '3 &7.1 I 301. !l &7.7 
0 w 302.3 08.~ 00 3Il2.5 08.'; ~ 303.2 66.2 
c: 
::! 
tI 
1ft 
tI 
0 
~ 
Z 
ii! 
~ 
• 
"' ~ 1/1 
~ 
LOA] 
"N UPS 
O.C (] . ~ 
135.2 3(,. '-
155.7 35 • .j 
17ft.8 39.3 191.3 43.J 
204.2 45.') 
211.7 47.& 
210.4 47.3 
K H1Co)t) 
COl 
F-3 ~~ r-l Itl 
C.:.:: ::i.~G 
1&.;?'1 ,(.4 
3~.5b 1.32 
34.<)"1 1.3f., 
52.37 .c.36 
h7.?, 2.t& 
S.:.ltl ~.17 
g4. '.d' 3.72 
11..41 4.35 
12f1.J~ 4.74 
137.53 5.41 
14~.21 5.72 
15S.g3 S.14 
1;6.1:' E.54 
176.15 7.01 
H'i.82 7.32 
:.94.23 7.n5 
lq9.3~ 7.84 
2114. 7~ 8.2f-
221. sa B. n. 
237.5'. q.35 
;?S? ·jli 1. q? 
,. (~Gx l 
Co:) 
f-"! H~ ~-1 Ttl 
J.': ) 
311.40 
371. H 
It.J5.86 
"93.27 
54.:1.n 
5'36.74 
1235.2'+ 
u. ,. C 
2.20 
~. 61 
7. 1 €I 
~, 47 
1. C;q 
~o1( 
:J.5!! 
SP~CIMEt~ ~IUM(]Er.!:1 
AlLO'fJ QRIENTATION: 
CONS TRA I Nfl 
TEST TEHPEQATUREI 
SPECIM~N THICKNES~t 
~UPIN; pQECRACKINGI 
~,H~lF 
C~AC~ LENGTH 
"" I" 
o. U 1 
r..J q 
0.12 
0.27 
6.26 
S034 
G.It~ 
6.75 
7.t 2 
7.3'1 
7.72-
7.Bo 
6. 1 i 
6.35 
B.5q 
~: ~~ 
9.27 
9.SJ 
10.10 
10. it Z 
11.41 
• 23~ 
• Zit ~ 
.241 
.247 
.247 
.24q 
.253 
.2'66 
.260 
.291 
.3,j4 
.lOg 
.32? 
• 32~ 
.342 
.349 
• J6Ci 
.3&5 
• Hq 
.398 
.1t26 
.45il 
----~· ... ~1 ~"rw"J;'g. 
5PSCII1~N fo>UHflEPJ 
ALLOYa 
QqJS-~TATIr.Ni 
CON<;T~d !"lTl 
TEST TfMFE:;'IATUI:;lEI 
SP£CI,'1EH TJ-IICI(NESSI 
JuoIN:; PClECRACKIPJI;I 
A"HD.lF 
CDACK LENGTH 
M:-i p~ 
32.&4 
33.2 ~ 
B.72 
34.42 
34.7~ 
35.45 
36. J 4 
65.11 B 
1.2'15 
1. '!1C 
1. 328 
1. J<;S 
1. 37 ~ 
1.396 
1.41 g 
2. :;-g4 
125-5l1 
2024-T661 
Lm~GITUOINAL 
STIFFE "ED 
Zq".ti 9( 
3.24 ,..11 (.128 IN) 
?4.67 HPA SQRT(H) ( 22."6 KSt Sa~T(IN)' 
DELTA A Sf RESS STRESS INTE~SITY FULL SECTION 
MH IN HPA S~RT(~) KSI SQRTCIN) HPA KS I 
o .00 o. j}!j il ii .. (I!l 
.Loq 
• ;j J J 6.4~ 
.11 .~ij,- 13. (.3 
.26 .Clii 13.26 
.29 .011 1~.7D 
.33 .013 24.80 
.42 
• J 17 Zd.77 
. ,. d2q 32.45 
1.11 .il,.4 35.24 
1.37 .0<;4 3!!.42 
1.71 • ~61 ltZ.CB 1.B5 
• .H3 43.63 2.17 .OAo 4,.55 
2.34 .0>2 47.47 
2.&8 .106 49 .. 47 
2.8, .112 5;;.7& 
3.14 .124 52. L 1 
3.2& ~121l 52.77 
3.62 .143 54.30 
4.CQ .161 55.85 
It. Bl .lg 3 57.85 
5.42 .213 59.&3 
TABLE C3-9 
I.~.E-F.- ,..PA '::101 (I'!) I 
c.oo a.iJO 
5.82 4&.21 
11.66 93.90 
12.07 94.3q 
17. 'H 1413.05 22.57 175.6& 
2S.1 IS 2il2.20 
29.53 222.66 
32.38 2'12.06 
34.q& 251.q8 
38.29 269.65 
'39.71 277.28 
41.45 283.&4 
43.2 G 292.54 
4'i.ill 298.88 
46.2J 3113.19 
47.33 306.15 
48.D2 liB.58 
4'1.42 311.40 
Sl.B3 :!12.69 
52.&5- U2.88 
54.26 313.60 
125-2Lll 
2G24-T861 
lC"'GnUDI"'BL 5TIFFElI.EO 
45J:!.!;' I( 
1.23 "~ 1.127 IN) ~3.~? ~sr 'ODTCIN" 
3.JJ 
&.7~ 
13.1;2 
1J.'2-) 
20.11 
25.47 
29.32 
J2.2q 
35.10 
36.54 
39.13 
4D.21 
41.13 
ftZ.42 
43.14 
44.05 
41t.ftC 
4,..75 
4,. Ui 
45.35 
"5.37 
45 .. "8 
UET SECTION 
MP' KSI 
D. DC u.oa 
46.1B 6.99 
131.92 l1t.Z!J 
98.53 14.2q 
146.22 21.20 
183.,.5 26.60 
211.32 30.64 
233.21 31.82 
254.20 36.86 
265.11 38.4ft 
28ft.5B 41.27 
21J2.?'1 42."5 300.12 43.52 30Q.Ql 44.94 
311.3B 46.[13 
322.97 46.84 
326.17 47.30 
329.04 47.72 
332.92 48.28 ps ... 48.6" 
:57.3& 48.92 
339.65 49.25 
eEL TA A STtlESS INTE!I:'StTY STRESS FULL SECTION 
"M p~ '"1PA SORT PH 1(51 S1PHINJ HPA KSI NET SECTIO. MP' Kst 
;:J ~ (Iii c. J ~.i.~ J.~; J. J 0 a • ':u O.Du 0.00 • b'; 2 ~6.a3 42.62 itt.;. 3& 2D.3& lB!J.',. 2&.21 1.C./I 
" 
;'-.:!2 to',. tt ~ 1l5;1.6C ~:!.,.,. ZOS.1l1! 33.29 1.7/! 1 I!jl.71 S50.11j 1!H. Itt) 26.31 235.97 34.22 2.1'5 , 67.q? ~1.'11 19'1.5tt 2J!.7q 259.02 37.SE 2. 81 1 7J.2!J f:S. 7 ': 211.93 3).13 278.G9 It'.33 3.4i: 
1 : 
3 76. 7~ E1 • .1)3 219.78 11. ~7 2 ~ c:!. 90 "~.D" B.l4 ~ 113.33 te3.t! 216.39 31.E7 31:11.,.9 SE.77 • 
-'" 
.. '" z'" e>'" 
."n 
;;;$ 
... z l.5 
co'" 
"'e> 
-.. ~ 
m 
~:g: 
coe> lfn 
::.m 
... -~Ill 
on 
2 
~ 
r-
:a 
m 
~ 
~ 
>i 
• 
'p 
i"'. 
it 
<".<i ""'iif'~':fP'c,.1)'f:''''·'f'''";'·!:,,'ri;!i'1J'C''0;'''7S';'t'·~~rri\1"~ct7\!!,!~! "\'!!i~""'!~~~(r!:~rr} t!R'\\'''';~\9 
~ 
~ 1 
, '-'; 
N~ , (;;,-' :'l. 
f:· 
t' 
!, TABLE C3-10 
N.., 
Ia~ t~ ooe: SPECIH£:t~ NUI'1BEP.1 ,~1?~T-6'~17 ;R: ALlOYI -",_.. U Z ~ 
[ 
~;-: 
QRIENTATIOtH LOt/GITUOINAl ern 
GONSTRAINH 'STIFFENED N n 
TEST TEHPEQII.TUP.EI 4S0.D K _ Z SPECI"E~ THICKNESS. 3.21 H['! (.127 IN) ~::I» /" i I{(HnX) DUl.!lNG PPECfiACKTNGI 43.22 HPA SQRT(MI ( ]9.33 KSI SORTUNII .~~ 
n ~~ 
4 HALF '5TQ........ _ -
CRACK L~NGTH DEL Ttl. II. STRESS INTENSITY FULL SECTION NE"~ASC.CT~~~I ;! I 
MM - W MI'! IN HPA S{lP.T un I(SJ SQRT (ttU HPI!. K51 "'" .. 
,.(1 36 1 gl+3 0 til a.oco O.;:'J u.co l.OO 0.133 O.!I0 iI.DO 0 . 4q·&-~ 1-qS5 -2q 012 39.64 36.07 93.4& 13.54 14J.I0 20.32 ::a 
!:jiO·":! 1-981 -q& -038 50112 46.52 UfJ.41 17.12 18D.!3 26.15 52:.~Z Z:GS6 2:a6 :112 6:1j:1j6 51.8ft 144.88 21.;l1 22P1'.~' ~~.~~ 53 86 2 1"1i 4 4q .111 7".93 68.1q 161.27 24.26 .... • ~~:~~ ~:~~5 i:~~ .]~~ ~~:~~ ~~:~~ 13~:~~ ~~:~~ §~~:~e ~~:~g 
5a:qq 2:32~ 9:&3 :31q 97.G7 ~B.3~ 203.29 Z9.4S 336.58 48.81 
6Q.43 Z.379 11.li6 .436 lYl.23 92.13 22 )1' 83·~l JS·ijt ~~~.~~ ~~·S~ 62.06 l.44! 12.7t .5£0 • •• 379"1 5,'0· 
.. J 31 Z 51b 14 55 573 • 21&.8& 31.,.5 .'\11 • Q ~C.·36 Z·E:13 17·00 ·669 • ZlQ.82 11.1]8 3Q6.41 ~1·~97 _ 0;1".. ., '70;" • 22-1.78 32.16 Iflll.1t ........ II 6B.41 2.E9! 19.& • ~ • 22~ 70 32 29 4?4.70 61.59 --7).86 l.790 21."9 .840 ... ·3, "-3""2 ~3 6& 2 73 27 2 885 23 90 941 • 223.1lI 32. ."eLI! u. 15·~U l·98~ 26·54 1·045 • 222.qa 32.3~ 454.62 65.93 ~ 
7&:qa 3:,,31 27:62 1:1i67 • 222.93 ~2.33 4&1.31 66.q3 F 
N .. ti, :Ii '( :21 
10," 0 w m 
",' I! \0 ." ~It.' .. ~ TABLE C3-11 g 
-",::- iii --f' ~ SPECIMEN NUHRE.. 12;-7L2 -f 
':: ., /lLlOY' 202,. ... T861 
,;, n ORIENitloTIONI LONGITUDINAL 
w':' CONSTRA I ~1T1 STtFFE NE 0 ~,~:' 0 TEST TE.MPERATURE' 453.0 K ~~': :. SPECII'IEN THICKNESS' 3.26 MH (.128 IN. 
~f;! i K(I'4/\X) OUIl[N:;' PREC~ACI{INGI ZQ.1Q HPA SQ~t(H} ( 2&.15 KSI SQRHIN)) 
1'( ;e A,HALF STRESS ,~<, IIIC LOAO COD CR~CK LENGtH DELTA A STRESS INTENSITy FULL SECTION ~ET SECTION '~;'., KN I<IPS f-3 "''1 [-1 IN 1'1t1 IN HH IN HP4 SQRTHU KSI SQqT(JNJ ttPA leS[ HPA KSI ,',j ~p ftI 0.0 o • .j ;: • .jD 3.,jG ttl ... ?4 1.fZ3 0.60 O.OCIl a.oa a.tlC i).oo 0.03 3.oa 0.00 
~;":/" 28.4 6.4 7Q.ft.Z 3.13 ~1.iO 1.634 .26 .CIO 11.1;8 10.~q 29.22 .... 24 ~O.ljl 5.87 
'I~ I 70.5 15.9 2JJ.21 8.JC ~2.12 1.658 .aC) .035 27.77 25.27 12.55 ID.S! lul.16 1~.67 
:;- 126.4 28.4. ~aS.ft.4 15.17 42.95 1.691 1.12 .i)&a 50.35 t,5.82 129.99 16.95 H12.66 26.49 '~l'" 154.3 3,..1 4.Q9.Q1 19.66 44.21 1.741 2.97 .111 62.51 5&.<)r. 15~.1,1 Z3.02 225.69 32.73 
i~' 180.3 :'(l.S 531.73 25.11 46.33 1.624 5.1.:1 .201 75.27 66.50 185.ltl 2&.!!ICJ 269.12 39.113 
~:' 191.4 4".4. 754.53 29.11 46.35 1.110" 7.11 .2BO 6".&9 17.07 203.05 29.45 300.61 43.59 
[~- 207.7 46.7 6&6.66 llf.12 51.11 2.012 9.87 .369 92.38 B,..07 213.63· 3D.9!1 325.19 47.16 ,~- 216.Cj 46.1 99c;.14 39.18 54.3J 2.139 13.09 .515 100.35 91.32 222.70 32.2=1 350.54 50.&3 "":~: 222.9 50.1 1111.94 43.76 57.17 2.251 15.93 .627 • 22q.25 33.2 ... 372.0Z ~3.95 
~' 225." 50.7 1221.74 48.10 60.39 2.377 19.1!'.t .75" • 231.77 33.61 389.7" 5&.52 
'f"'" 2,26.8 51.0 1312.8" 51.S9 &2.1)7 2.479 21.73 .85& • 233.28 13.83 "04.118 S8.6a 0 
',,: 226.8 S1.J 139".6') Cjft.Ql nS.ItB Z.S78 24.2'" .95S • 233.28 33.81 416.24 60.36 !l i!i 
l ~n 
f ~~ ~ --
... ."ESS 
 tl. A  ~ FULL SECTION ~ET SECT[C~ 
M  l .  I   HPA KSI I1PA KSI 
o.tO a. 0 C 0 ' J. 0 0 O. iJlJ .!IO 2g:~~ 
.29 .li12 .&  " .$1t ,.J.1  
.96 .D38 Sol.  11fJ. 0.  .  
l.a . . . j  . ft 144.88 21.;l1 223.~7 32.35 
.  . 7  &8.  7.  .  2&1.<)q 31.99 
6.lft .2"9 81). J 7 17.42 185.56 26.91 296.36 42.98 8.2q .326 q2.63 84.30 97.22 28.61i 321.74 46.&6 
.  . .  336.58 48.81 
1 l.  92.13 2l8.34 30. Zl 35hS1 511.83 
 0  13.37 30.9ft 3131j.14 53.0" 
.  .  • .  31.,.5 319.61 55.011 
17.00 .669 • . ]  9 .  Cji 1.. t,9 19. 5 • 7'i.:l  59.47 
. 6 • 2.  .  2.  .9  • . 0 .35 "39.02 6 . 6 26.54 .  • .  65.93 .  . i  • 4 1.31 66.93 
~·;f 
-----;'¢ 
\j 
" ;;~ 
'l 
') 
~ 
'\' 
,':~ 
'::~J 
f ~~ 
~;i , ~ 
I ~ t~ili;~~,,,,,-,;/"~,M.llii~i~~~ili~;&'i;~l!~;i""L'&l\lM?~;li',\~",;'~J,,:"""'LSlb"'<t","i;t;lt~Li~";;';''i~~:,),:,i~t;.i''),i;o;i~~~Ji.,cliN~;.,<A,,+:;.;,jiiiiili, rE.;Ci;'O'uf 4", ,j, ti%"AJ..:,;;, i', i,d;.J,b\;,,tj 
~,:~;",~::, -r")M'" "!--~_~-~',:_'( '::-;:':-~;'!~?i~n:~?~- ?-?J:~::r~'\~~l0"Y.'~·''p:'~ :~::'_,'?--_'l::{!_IN;; '~~":."~.-'\.":i.."':,! -: -"~",!;"j-,,, <-j.""" ;/'-':.- ~'.',"l ,. --,;.-;:," ','1-'-"- :l: __ ~"'" .'" ;~j'''- o,"j:~i;': ;:-~"f,~~~< 
r-_IlLlOO'1'K£BLq. .,,"'" "W d.'" %00 to 0/ = -.. -""'" .... &&& =. £!II' 
r 
~j 
~i 
~~ 
~ 
~ 
W 
f 
! , 
! 
~!, , 
~ 
I ~; 
i.ii' ~ 
il 
Ii 
f 
I"'. i' 
~ ~' ,. , iJ ~' 
~' 
• ! ~ 
II 
! 
I 
I' 
II 
CI 
~ 
i 
~ 
~ 
CI 
E 
c: 
:! 
n 
1/1 
n 
i 
~ 
~ 
"Ii 
• 
~ 
III 
'I 
n 
I 
"" o 
• ~N 
LOIlO KIP:'; 
0 •• 
71.7 
76.5 
76.q 
81.2 
83.2 
83.5 
83.f-
0 •• 
10.1 
17.2 
17.1 
1~.3 
16.7 
18. ~ 
1~. d 
~@ 
~~ @~ 
@"d 
~~ 
"::it".! 
o<(il 
KN 
LO/H] KIP') 
".J o •• 
If IMAX, 
co:) 
E-.i ~11 ~-l HI 
c.:. [} 
CJ 2.::1 
218.1" 
22'=J.75 
241.15 
26 J. 23 
'8tt.ttr; 
3J1. ~!) 
J •• G 
7. q,? 
6.53 
!J. Co., 
.:J. ';0 
1 J •• ~C; 
11. ,'C 
11.f7 
K('1A)') 
CO, 
E. -'! ri"1 s- 3 tr' 
...... c.n 
7::.13 2.18 
lil3.3Z Lf.ii9 
1:) q.';2 4.~2 
11'1.1q 4.f,Q 
12£.. T? 4.!}1 
13,-. :)4 5.26 
lItS."!; !j.74 &.13 
SP~CIMEN NUHBEQl 
allOY I 
OiHI::NTATTONI 
COtlST~"JNTI 
TEST TEHPERATU~EI 
$PECI~EN THICKNESSI 
(HlOIN:; PRECRaCKINGt 
CRA~~H~~~GTH 
M'1 IN 
t.1t.3€ 
£oft.3Q 
t.lt.7q 
It'.ltq 
,.&.24 
4e.l? 
5-1.38 
S! • ., '} 
1.146 
1.74IJ 
1.763 
1.7C)1 
1.820 
1.8c)S 
2.&23 
2.110 
SP~CIMEN NUMBER' 
allOY I 
ORIENTaTION. 
CO!~STRa INT I 
TEST TEMPERATUREI 
SPECT~EN THICKNESS_ 
OUlH NG PR~ CQAC KJ UG. 
". HA LF CW'.ACIC LENGTH 
M!'I 1111 
12.=JLf • SOC) 
13.27 .522 
13.3'3 • :;2,5 
13.5, .'i33 
llt.2C) .5&3 
14.83 .554 
15.56 .&14 
16.S4 .66-1 
17.87 .7!i" 
TABLE C3-12 
l1e.SCJ HPA SQ~T 1M) ( 
12Cj-U!j 
ZD2q-TB61 
TQANSVE. ~SE 
STIFFnEO 
14,..c K 
3.23 HM (.127 IN. 
13.26 ~SI SQQTlIN)1 
STP:ES~ 
DELTa 11 STRESS INTE NSITV FULL SECTION ~ET SECTION 
HH IN "PI!. SORT ('1) KSI so;n UN) MPA KSI HPA KSI 
,.0. o. c, ... 0 J.(iil ,.00 J.DEi o. Oil C.QO 0.00 
.03 • C&l 2C).42 26.78 74.4& IO.OJ 105.1)& 15.37 
.42 .G17 31.54 2~. 70 79.37 11.51 113.1A 16.4" 
1.13 .0413 32.87 Z9.9Z 91.9" 11.8S 111.8r. 17.09 
1.el7 .OTc. 34.16 11.0Q 84.30 12.2Z 122.11 17.71 
.3.11; .148 35.QO 32.£'7 86.35 12.52 127.flZ 18.48 
7.('2 .276 31.60 34.22 as.&7 12.57 132.14 19.16 
'3.23 .3&r. 36.73 3'5.24 8&.78 12.CjB 13'5.17 lq.63 
TABLE C3-13 
12.08 MPA saRT (HI ( 
125-&Tl 
2;)24-T6&1 
TRAN$VEQSE 
STIFFENED 
14,-.3 r( 
3.?6 Hf'I (.128 IN) 
lO.qq KSt SORTel"" 
DEL TIl A 
HH IN 
il • Gil !i.OC.U 
.33 .(il3 
... .1l15 
.6, • i;Z" 
1.35 • US.3 
1.6CJ .il74 
2.&" .104 3.89 .153 
4.'93 .1 q,. 
STRESS INTENSITY 
I1PA SilP.T(M, KSJ SQRT uru 
u.GD .).00 
1Q.7Z 17.CJ5 
28.48 Z,.Q2 
21;1.7& 27.06 
31.44 2fh&1 
32.26 29.36 
3".76 311.72 35.2q 32.12 
3&.'11 33.23 13.66 
~TRESS 
FULL SECTto~ ~ET SECTtc~ 
MPA ~ST MPA KSt 
.).00 
~&.13 
138.51 
1lt3.55 
147.56 
1,.S.55 
151.5& 
1,2.28 
l;Z.75 
I1jl.~e 
D .. Oil 
1l.94 
ZO.JIJ 
20.82 
21.lta 
21.54 
21.98 
22.l8 
22.15 
ZZ.JIt 
O.!I~ 
105.53 
11)2.12 
157.U 
163.22 
16lt.q9 
1&9.21 
171.69 
t7l.59 
173.'S3 
0.00 
1'5.30 
2;:.06 
22.q[l 
23.67 
Z3.Q,3 
Zlt.SS 
2lt.9il 
2':.17 
25.17 
"'''' ~i 
lt~ 
co c: 
21'" 
>'" zj!li 
an 
I::!l!: ~z ~fl 
~a 
ill 
." 
2 
~ 
r-
::D 
m 
"U 
o 
~ 
,:;, 
• 
" 
" , 
); 
" f! 
;1.. 
:.; 
:j:: 
:i; 
~.': ~! ~;j ~;Z ;> 
~ -~ ~ 
93.2 
134.3 
13-=1.2 
143.1 
ltt4. C 
14&.1? 
147.6 
1,.8.1 
1,.7. :3 
21. ~ 
Jil.2 
3:. .• 3 
32.2 
32.4 
3J.J 
33 • .! 
!3. :\ 
33. 1 
155.&7 
l6:.!. It'" 6. U 18. i J .72IJ 5.56 .21 Q 
]&.98 ,;~ 
~, C") _~ ~,; t ...iji _... • 
,;i' c.o - :;>l .. ...... ." ~ .~ "1 ~ I _.J ~ 1\ L~.J~Ji;~~~\~':i.:"'_;:d,r.,". ,.,,-;,;":,;;;;.~ ':.;J,:,;~",,,:,,,,::/!,l;_; :-",;';::,~,: .'~'L'\'!'i't"' j'~:~:'il:o".;.;j".(b:~'.s:~;.:iSi~~\:",,;_::.;:;;:;!!:::;;:'-:)~iliJi:':;:."k,,~.;-;,;,,:-i -k:;:"3;";~.!U~;'-:,;;,'~:Uij:;~~_;,,:,;L::.. _,:M,i;;~';;.i.;"·": ,,;:,t;i:.i;"li.-:..:;i.::.,0j;;"";":d.':':':;'~'..,;';~·:;"l::~j;{;Jc:-::"'i..~~~~'"" ;';,;;".jl.: rio-:' <.'£",.-;;;,: -k', <:";".;~ ,;;,-';-; - i' -'~"!i- -.... ,-r;;,:~ 
i!f\F 
, 
, 
~" ~.:..) 
r;· 
,,: 
~~-
~. 
;.. 
~!: 
~~:, 
,'-' 
';:' .. 
",,-,-.-
--,: o,s·· 
K (MAX) 
SP~CtHEN NUMBEQI 
ALLOV I 
OqtENTATIONI 
CONST~AINTt 
TEST TEt1PERATUREI 
SP(Cr~EN THICI(NES51 
IJ;J~IN~ PRECRACKINGI ~~ ~ [, 0 1l,I-iALF 
II'-",i Lona coo c~nCK LENGTH 
~ '-:.' .. ,;- " . 
TABLE C3-14 
16.97 t1PA SQRT (H) ( 
','''''J. ,",: "'\' 
125-4T4 
2324-T861 
TRANSVE ,"Sf 
STIFFEt.EO 
1,.4.C I( 
3.2:' HH (.128 INI 
15.ftft ~SI SQPT(IN)) 
"". ' ;:"'i, ~, '--'>"," 
OELTA A STRESS INTENSITY 
SfRESS 
FULL SECTION NET SECTION 
HPA KSI HP4 KSI 11M IN MPA 3QRi' PO KSI SQ'lT ClNJ k~ ,~ KN KIPS E-3 liM E-l IN H!1 IN 
I:' _ i! t:.' Itt 0.0 D.u u.'JC 0.00 &.40 .252 0.00 Ii.ODI) O.i:lD 0.00 (i.. Oil o.oa [hOD ol.OD ~!: ,. 79.'5 17.9 ZQ.Q3 1.18 6.&4 .2&Z .24 .01Li 'U.as til.61 82.11 11. In 85.93 12.4£ ~!__,. 'H.& 21.9 37.7Z 1."Q &.13 .2&7 .38 .015 l4.'" 13.42 13t1.86 14.63 105.66 113.32 
.",_" 15!t.C 34.6 61.36 2.3f1 &.73 .265 .33 .:a3 23.17 21.0<J 159.11t 23.3B 1&6.67 21t.11 
r-:"_ III 1&9.1 38.1 &7.(.15 2.ff- 6.79 .266 .3q .016 25.&5 23.3" 175.36 25.43 ItU.73 26.64 ~"'__ 0.... 160.'5 40.6 73.6'1 2.'H &.92 .272 .52 .OlJ 27.53 25.05 18&,51 2'7.05 19,.iI'i8 28.36 ~'- !,IU.8 ,.3.1 81.23 :!.2[ 7.13 .281 .73 .C29 2:.J.~~ 27.02 19B.I? 28.74 208.11 3il.1.! 
".'. 'C: 200.1 ftS.~ Sq.rlJ 3.53 7.?1 .Z!J6 1.11 .Oft,. 31.6.; 2B.9ft ZOE.78 29.99 217.7ff 3~.!t! li,~_ i '" 203.5 45.tj 92.u4 1.&2 7.,5 .217 1.15 .01+5 32.4ft 29.52 210.33 la.SO 221.5,. 3,.:.13 
':\'.' ',' 
~i 
.!,~ i!§5 
.. '" i§fJi 
Ne> ;::;~ 
t~ 
;!f;l 
!!Ie> ~ 
.. 
iii 
~;~ _I III 205.5 ft6.2 1!l3.3~ 4.07 8.38 .!30 1.9B .1178 3,..51 31.ft! 212.3& 30.80 2~4.9q 32.E3 ti'~·I" 21lB.9 It7.' IG6.;:'4 4.26 S.6l, .31+0 2.2'4 .~88 35.64 32.43 215.91 3t.31 229.18 3!.23 ~; ~ 209.9 47.2 H7.q~ !t.F.4 9.~2 .3&7 2.92 .115 37.21 33.86 216.92 31.4& 231.16 33.55 " ~(:.'.> ~ 2D9.g lt7.2 !21.22 4.77 9.,B .177 3.18 .12; 37.72 34.33 216.92 31.4& 231.80 33.&2 -~ 2 
,,' II 
" F, 
'.~, '~ 
:'1 
·'i:j 
k 1/1 ~ 
r· 'I n ... ., ~< :II I ." ~L.'.' 0 ..,. TABLE C3-15 :II ' ...•. ~' it ~ m " l; ~ SPSCIMEN ",UMBEQI 125-1T2 ~:( ItY ~LLOV. 2G2ft ... T861 :;. 
'.'.'.: ::! OPIEN1'.ITImU TRANSVEffSE 21 ;;:1 ~~:: n CONS'~AINTI STIFfENED .......;1 Jf:<1 1/1 TEST 1 t. ... PEPATURE.1 29l,. ~ K -. III 
'Tf, SPECIMEN HtICI(NESo;;. 3.2C. 111'4 (.12& INI .~" t,! n !«MAX) iJUQIN~ PREi~RACl<iNGI 17.&1 HPA SQRTCM' ( 16.1i5 KSI SQRTUN)) ."J JI 0 ~ .~:: ~ 4 H'LF SfRESS (, 
' .. :.:: ~ LOIlO Cal C~"'C~ LENGTH DELTA A STRESS INTft-.iSITV FULL SECTION HEl SECTION ~1 
'::-')i KN KIPS E- S ~t1 £-1 I:~ !'111 IN 11M IN t1PA SORT eM) I(SI SQ~T (tN) MPA KSJ MPA KSI ) 
[l D.~ Ii.u ;;.0!! J.I!C 41.2& 1.t121t i).uil o.coa i).CO o.Oj J.OO iJ.~u 6.00 0.00 .,:\ 
(,_: tiC q3.2 21 • .1 Zinl.7; lJ.?7 1t1.41 1.63J .15 .9~6 37.:4 33.7! 97.76 14.18 135.38 1~.63 ~ i(:.' Q9.2 22.3 2~;.63 11.~q Itl.BIt 1.fllt7 .53 .l,I21 3q.67 16.1.- IJ~.iJ& 15.;19 144.6, 2 .... CJ6 ',':i ~2;-- III 101.5 22.d "<J
oU 2Q 11.Lt3 42.d8 1.6,7 .62 .iBZ 40.71 37.05 10a.ffZ 15.41 148.27 21.50 ,~ 
:::', ~ 101.7 22.~ 2H.;\7 11.57 42.42 1.670 1.15 • liltS 41.Gl 17.32 106.70 15."" 149.12 21.E2 .",~ ~ j ~ 104.2 23.t.. 3~~.~1 11.e.Q "2.1t9 1. El3 1.23 .~46 42.~6 3S.28 l~q.31 15.!\'~ 152.88 22.17 <,'j ~~." .. '.I III 104.2 2~.,. 3.J ..... ~ li. IF 42.71 1.68~ 1.46 • I.e:>. S 42 • .:.] 38.41 1"Q.32 15.B'.l 153.23 22.22 .>: ~ ~ 105.2 ZA.T ~J7.11 lc.~q 42.73 1.S62 1.47 .QIJ8 ~2.61 38.76 Ita.37 1&.11 154.70 22.43 ~ ",:,_ lil5.1 Z~.7 312.7E; 12.31 .. 3.36 1.707 Z.lii .nS] ft3.00 H.13 110.4ti 16.Jl 155.61 22.57 .-~ ;';. 109.C 24.~ 328.~1t lZ~?.i :.3.75 1.723 2.!tCJ .:ICJe 44.79 4J.7& 114.34 16.5" 161.83 2J.!t1 --1 ~(: 109.2 2ft. OJ 31i4.6~ 13.% :'6.l)l, 1.j:132 5.27 .2il6 4D.ft!: ft2.ftl l1lt.ftB Ift.DJ 1&&.43 2".13 ';~ ~ ~ 
r 1 ~ '" ~ !loa: 
oe> 
Ife> 
-'" 
--... ~~ if 
" l 
'I ~l h ~A'''''';''~''''''';;;;'''1ii:i~;.i''''I@i<i;iil&]<''£J;'''''4~;ii.''l&.~S,::.li;;1:;;''":i1is~;;jQ:;~"Qi~c:0:.:~i~",,,,,~_,('ri'·""'i·,;,.,,d~:""'''''''j,,;i~L;~i':':i';"';'·"";:::;L,";;';';';;;';';:;WJ,.;.,lo"· ;iL;;i;;kl";;i.~'0.:"'ii2""";;M'C;JC:.,j 
.l,\"·:;'tr;,,o ';,"~r:~(' .7 'i'>:"" '~'~"":.;;~ ." "":,;>~,-,, P'\'ir,c~ <:'.~'_< >-. _ .' /i,!~"'". 
- '~,'" 
"-e":,'-' q;'. 
"';, 1.", '.~-
'i· ,-t.,-" ".;>,. i<'_,,,· 
H 
- 1- '. "'. (:,;. -.;~ 
"'~~"""""'1l1!11! .i""W,5M2""","''''"""~,,,.',,,,.,,,,,,,, __ ==-_~.. ·"="""""=·'''''''''',Ui",'''''''''.,.,'','l5.."",,,,,,,.ax;;::;;w;.,_ '''00', """'"' " "COM, 
r:-, 
~;-' 
~ 
,~, 
~i 
~:,:.' 
10'-
t 
I,.~ 
i 
if 
~~:'. 
i'> .. 
k 
" t',' 
i~ 
H
,t, , 
'. , 
~;~: 
~ Q 
~ 
E 
g 
~ 
\) 
1/1 
\) 
1/1 
~ 
o 
~ 
r: 
~ 
~ 
i 
! 
~ 
~ 
• 
: 
I/) 
"4 
(""') 
I 
... 
N 
LO!l,U 
<N KIPS 
D.C c • .,j 
11).1 17.6 
CiS. Cl 21 ... 
105. J 23.7 
114.6 25. B 
12&.2 23.4 
132.1 29.7 
137.Q 31. J 
131).9 31.4 
14Q.8 31.7 
143.0 32 • .:; 
143.7 32.3 
llt".Z 32.4 144.13 32. S 
LeAn 
'" 
KIPS 
o.~ 31: h 1"(;.6 
159. e 315. ~ 
164.2 36. ~ 
11e.6 J8.t,. 
178.S 40.1 
186.13 !t2aS 
194.8 ~3.n 
20~.7 4G.l 
207.E. ...... 6 
214.1 48. 1 
216.6 46.7 
223 •• 'iC.l 
225.€> 5~ • 7 
227.5 ?1.2 
2:28.7 51.4 
23".6 52.7 
235.1 S 2. g 
SP~CU1EN N;,Jt1flER. II.LlOYI 
ORIENT!\TIOtJr 
CONS TRA I NT I 
fEST TEMPERATURE. 
SP(CIMEN TH1C~NES~1 
~ Pih') DU~ING PRE CRACKING. 
II. ,H.II.lF 
COO CRACK LENGTI-I [- 3 H01 [-3 HI 
"" 
It. 
:) • J,; ;). ::, 11).:12 .76 ;j 
q?QZ ].78 1q. g,5 .1St 
11;.114 4.56 1Q.6& .7a2 
131.7~ 5.18 20.2Q .7Qq 
145."o'li 5.73 2il.!t7 .8Q& 
l&ft • .;~ E.lo.f. 2G.S& .8Z1 
17 ... ~7 &.88 21.17 .833 
167.34 7. 3~ 21.&3 ~ 852 
lq2:.~~ 7.56 21.83 • n;::: 
2G 1. 14 7. q2 22.6:; • A'l2 2ll.56 1J.2Q 23.23 .917 
2!". 6 3: 8.01 24.UO • q45 
228.71 ~.;jC 24.95 .Cl83 
244.,/j g .64 2,:) ... ; 1. 1;'42 
SPECIMEN NU""lE"'1 
Al.lOva 
'~. 
ORIENTA rIOtU 
CONSTRI\[tna 
T~ST TEHPERA'URt:1 
SPECl'1EN TI-IICKII,'ESS1 
K (HA)(I OU~IUG PRECRACUNG. 
A,HALF 
tall CPAC1< LE~GTH 
E-.) 11t-1 £- 3 ttt 11'1 ttt 
... .1; ). ; c 6.o~ .261 
"1. J 2 2.32 6.3::;1 .263 
bi.7'l 2.71 &.78 .2&7 
7;..154 2. ~2 6.84 .2&'=1 
7 r .• ,\f 2.qe 0.94 .273 
~".5q ,1. lj 3 7.3& .290 q 1 ... 1 3.Gl? 7.43 .2CJ3 
1)7.,\q 3. 6~, 7.7iJ • 3!J-'3 
1:'i,.4) 3.gg 7.1'J .3J 3 
1;~.17 4.2f, 7.~2 .'312 
113.-15 4.r.Q 8.0 2: .l1b 
117. <l7 ... f,r. R. 1 II .322 
121. 14 It. "17 8.21l .32& 
i33.51i "'.2& 6. B 1 .347 
t37.t:7 15.4C 8035 d52 
1tt 6. y) 5. flf) 9.65 .HO 
15 ~. r.l 'j.12 Q.1'j .384 
lS!!."" Fl.24 q.~z .3CJl 
r 
r"'-
"'''' 
TABLE C3'-16 
I<I~r;~ g:c 
-"" 12;-1 T6 :0-'" 
2024-TiUH Zal: 
TRII.NS\lERSE ",,,, 
STIFFEt;.EO ",n 
2Q:'.D K ;;;;$ 
3.2& MM (.12a IN) 
23.0q HPA SQRTIHI I 21.01 KSI SORT(IN'1 
...z ,-
-In 
co '" 
ST'lESS 
~g 
DELTI!. A ST~ESS INTEN5ITY FULL SECTIOIl1 f~ET SECTION 
-I 
"M IN HPA SQRT (HI KS I SQRf( IN) HPA K51 HPA KSI :0-.., 
:;'.(jJ ;.ODO u.':'fi ;).011 G.OO D. :l~ O.OD 0.00 0 
.02 • illl 1 20.55 16.7.) 31.40 11.5~ cU.CJij 13.62 "" 
.04 • DO 2 24.&6 22.4& 97.73 14.17 112.16 lE.35 
.46 .\j18 27.&5 25.1& 106.27 15.7:) 125.33 16.17 
.6, 
• C2S 3u.ZQ 27.5& 110).,],6 17.12 136.116 19.65 1.G3 • ;;'41 33.fI" 3il.&2 121).66 IB.63 15D.CJ6 21.90 1.34 • (is 3 35.48 32.2~ 135.67 lCJ.1J 158.1& 22.97 1.8J .071 37." 7 34.Itt 141.8Q 2!1.53 165.1)7 21t. G7 
2. C.l • &7 Q 36.16 34.7~ 143.69 20.67 1&6.?8 24.Ct5 2.83 .111 lq~Zn 35.&7 144.61 21. al 170.82 24.77 I 3.46 .136 4;1.39 36.11;, Ilt7.11 21.]3 174.3" 2~.28 
1t.16 .165 41-. ;?5 37.5" 147.84 21.44 17&.21 2?55 "TI 
5.13 .2il2 '-:2.26 35.45 148.31 21.51 178.13 25.83 
, 
- I 6.64 .261 "3.81- 3q.87 1,.9.01 21.61 181.17 ZE.27 2 » ,... 
1ABLE C3 17 ::D 1 m I 
." 
12';;-3TIj 0 ! 21124-T961 
TRANSVERSE ::D 
5TJFFEt-ED 
-t 2'=14.:3 K 
3.20 ~H (.126 IN) 
1'l.~:·7 MPA saRT (M' e 17.61 K5I saRTIIN •• 
STRESS 
DEL TA A STRESS INTENSITY FULL SECTION NET SECTION 
MM IN HPA saPlCH' 1(51SQRTiltH '1PA K~l MPI/, KSI 
I.. vii o. i!1l ~ Ii.OJ ). (:;j o.Ot c. a~ 1l.G::i it.OO 
.,6 .002 21.42 19.413 llft.at 21.41 154.54 22.41 
.15 .006 24.51 22'.30 161.7'5 24.3] 175.74 25.4Q 
.21 • tliJ 8 2?3J 23.02 172.41 21j.:lG 180.70 26.2iJ 
.31 • G12 2b.49 21t.1C :.71.tCt 2ti.EJI\ 1 g7.
 aq 27.25 
.73 .029 2A.54 25.91 181.46 27.18 1 q1. 1'=1 26.60 
• B J • u~ 2 30.35 27.62 lq6.32 28.76 208.73 .50.27 1.u7 a (j4 2 31. fl7 2::;1.tJ(j 20".56 2'1.61;, 215.7C 31.28 
1.e7 • (;42 32:.84 29.88 21il.76 30.5& 222.25 32.23 1.213 • J'51 34.3& 11.21 217.152 31.'i1t 2:Zq.72 33.31 1.3q .OS5 35.73 32.52 224.78 32.£:(1 231.55 34.45 
1.55 • n&l 36.52: H.2Ct 227.3CJ 32.98 ZltO.GO 
311.8«) 
1. bli • Of-; 31.84 34 ... 3 234.13· 33.Q'i 247.91 35.913 2.11J .CSb 3CJ.:'6 3:;.q3 23&.1\1 34.'34 2S1.6Q 3E.~o 
2.32 • Gg 1 .!tri.lft 36.53 238.91 34.£:, 25Ct.l& 3&.86 3. r; 2: .11q 41.91 38.14 240.07 ]4.81 256.69 37.22 0 
3.13 .123 43.24 3q.35 2"6.31 3'5.12 26l.1j6 3B.22 "aI: 3.2g .133 43.'jQ '39.76 246.85 35. 'U 26:..1t5 38.3'; :;,,,, 
:in 
-'" 
--... ~l:l 
'~1 
o......-iJ' 
.. ~ 
",I 
C;:'~~~~===::::===:::::=:~~:i'" 
i 
! , 
t 1 
!' I,· 
,. 
I 
-,--.~"-.~. ~----- .. 
~ 
1\ g 
I 
~ 
II 
0 
i 
i 
I ~ n I ..,. W 
~ 
II 
I 
! 
~ 
-.: 
• 
: 
• .. 
LOIlO 
KN KIP':) 
a .. ~ . ; lO8.t; 24 ... 
158.C. .l5.e 
1'l2.l 43.2 
2uB.? 41).0 
ZIQ.Q c.q.,+ 
22e~& 51. '+ 
234.t: 52.0 
241.1 114.3 
249.1) Sfl.':' 
25,.3 S6.7 
254.3 57.2 
25".C 57.1 25S.2 57.4 
25&.0 57.5 
250.2 ST.b 
25b.4 57. £, 
25&.1 '57.f1 
255.4 Ii 7.10 
<N 
LeAn 
KIPS 
0.0 
25.8 
76.7 
110.3 
133.9 
153.5 
169.:J 
17~.3 
162.4 
207.7 
0 •• 
5.B 
17.7 
24.6 
3 U. 1 
34.S 
36. :. 
40.3 
41. ~ 
4&.7 
K('1AXI 
COO 
E-3 1i'1 t:-3 IN 
j. ; (I il. j: 
111~ • .ja 1."4 2qll.~7 11.75 
400.13 15.75 
loIiS.3! 17."3) 
509.';;0 20.;& 
563.fd 22.19 
He .12 21t.G2 
fl9 4.26 27.33 
793 ... 1 31. tc 847.Col !J.35 87q.95 34.&4 
8S 7.51) 31t.q4 
942.6g 51.11 
U:II.47 ,,~. 7(1 
11:74.23 4?2'9 
llS!).44 45.1}3 
1216.41 1t7.A9 
127': • 55 '50. : 2 
K (MillO 
C 0':1 f-: ~M E-1' Ttl 
~ • .:.~ D.!}C 
&~~96 2.40 
197.61 7.7B 
28'9.5& 1.fte 
367.7CJ 4.48 
lo3t .. 1:18 7.20 
5G!:i.97 9.CJ2 
55-3.72 1.'Hj 
'575.11 Z.ES 
70:;.JQ 7.72 
SilECIMEN N,JHBE::'!' 
II LLOVI QR[EIHATIONI 
CONSTRA I NTI 
TEST TEHPERIlTUREI 
SPECI~E~ T~ICKNESS. 
~)UlHNG PRECRDoCK!NGI 
A,HALF 
CPdCK LE.NGTH 
"." 
IN 
25.23 • ~q3 
25."7 1 • .:1"2 
27.38 1.076 28.ql 1.138 
29.:; 7 1.104 
10 .&1 1.2:)5 
31. =) 0 1.256 
33.23 1.3i::f! 
35.&S 1. 4~5 
36.3& 1. Sl C 
39.=17 1. !:71t 
.. 0.6? 1.60 II 
41.211 1. F.22 
43. U 2 1. £:94 
1t5. 2 7 1.182 
47.5, 1.872 
'iC..3i] 1. QS 0 
S2.31 2."&0 54.2) 2.Ue. 
SPEC It'Er' r--.UHOEDI 
ALLQY: 
OI;lJ;:~TATION: 
CONSTRAtNTI 
TEST TE"MPEoATL!Q£:· 
SPECr~EN THICKNESS_ 
rUIH N:J, PPEClfllCKINGI 
A.HI1LF 
r,Ql!,CK LENGT~ 
11'1 r~ 
3S.;J4 
3S.S1 
1'6.8'1 
37.71 
36.61 
3q.17 
4e.l7 
4D.9J 
41. ~ II 
42.& 7 
1.3 ·9 
1. :!qa 
1.lo52 
1.4Bt; 
".52J 
" .• ~42 
L.C;8S 
1.HO 
1.£33 
1. E:8 0 
-
TABLE C3-1B 
... C'5-5T8 
2:02ft-T861 
TRANSIJEJ:!SE 
STIFFE"-EO 
450.0 K 
3.25 M~ (.126 IN, 
22.36 HP4 SDQTtM' ( 20.35 KSI S~RT(IN •• 
STRESli OELH Do STRESS INTENSITY FULL SECTION NET SEeTIG"-
"" 
I" HP4 SQIH (l1} KSI SORT UN) /'IPA I{SI HP4 KSI 
fi.fi~ [;. J 0 11 J. [; J D.Oil J.o.O 1.24 .Oltq 32.q3 2').97 111.q6 2.15 .oa., 46.94 44.t;:4 1&·1. It[j 
.1.&8 .145 &1.13 ,5.&3 198.15 "~33 .171 &l.a8 61.05 Z14.77 5.37 .212 72.22 &5.72 226.83 &.67 .263 7&.64 &9.93 235.87 
6.00 .315 60.lt6 13.22 2"1.31 10.44 .ltl1 6&.55 78.77 249.3& 13.12 .511 92.97 BIt.&~ 256.83 IIt.73 .560 • 260.31 15.61 .615 • 262.29 15.97 .62Q • Z62.01 17.79 • 7C 0 • 263.31 20. 04 .789 • 264.05 22.31 • d76 • 264.2'9 25.llfi .987 • 26ft.47 27. C 8 1. i)6& • 264.23 28.Q7 1.140 • 263.51 
TABLE C3-19 
36.7~ '1pn S(]DTfMI { 
12?-!TG 
2024-H161 
TQANSUE FSE 
'STtFFEt.E~ 
4S';.:j I( 
3.21 "M (.127 IN! 
3~.4C K~t SO~T(INIJ 
a. OJ 0.00 0.00 15..2:' 13&.16 19.1 .. 
23.7:1 2[jO.16 2Q.03 
26 .. 14 245.82 35.f.5 
31.14 261.B9 38.f15 
lZ.n 285.43 41. ,q 
34.20 300.16 lt3.52 
35. co 310.61 1t5.04 
3&.16 3l7.a1 47.5lt 
31.2t; 31,5.19 '.iO.1Cj 
31.75 355.65 51.~7 
39.04 361.27 52.39 
36.;]0 3&2.07 52.51 
36.18 371i.li1 53.67 38.2q 379.20 54.99 39.33 388.114 5E.27 38.35 399.1C 57.66 
36.32 497.34 59.03 38.21 414.01 &0.04 
3TRES5 DELTA II STRESS INTENSITY 
"" 
IN ~~A SQQl(M) KSI SQQT(YN) FUll SECTIO~ NET ~EClION ~PIl KSI HPA ~SI 
c.. 0.: C • .:IJC ~. t a 
.O? .D18 .:;1.33 
1.84 .:73 zq.':'Q 
2.6'9 • 1:J 6 41.30 3.57 .11..1 50.B1 
1t.13" .163 S;S.73 5.23 .?':' E 65.76 
5.Bf. • 231 7J.4l) &.44 0254 72.23 
7.64 • 3C 1 a3.7J 
~.:J,j 
1J.4q 
2&.413 
37.5.:;1 
46.24 
53.45 
5g.85 
6ft.07 
65.13 
76.17 
J. C.: 
26.ql+ 
·~2.23 
115.21 
139.11' 
16C.27 
IH.'):!' 
187.22 
lQ.i.47 
21€.q5 
O.J~ 
3.Ci1 
11.~2 
16.71 
2J.2P. 
23.24 
2S.E: 
27.15 
27.£2 
31.46 
ii. :: 0 
35.37 
ElC3. 27 
154.Z7 
168.7! 
217.Li2 
?C.l.~: 
256.0" 
2f 3.94 
304.01 
u.OD 
5.l! 
l!:.85 
22.31 
27.31 
31.1E"! 35.Ge 
37.42 
?8.21! 
4".09 
I 
"'." !:j!$! 
.!.,n 
81 2 
-'" 
.. m 
zB: 
cm 
... n 
::::;$ 
... z 
.!.tn 
Ill'" 
_c 
.. 
;! 
ill 
~~ 
.. c :on 
-'" 
--... ~!ll 
::!! 
2 
J> 
r-
:zJ 
m 
." 
o 
~ 
, 
.\ 
~ 1~ L.; 
)"J jJ 
~,I 
'j 
1 ~ 
I 
I 
\ 
I 
I 
. ~: 
:~ 
, 
,). 
, 
. \ 
" ,. , 
.,' 
:'::1 
.:: 
';( 
ii' Lw~4$f¥@iih;4t~~"~~·~t'&i~~t";{<i:;~j~.:· 'wt·j·:Wg,i\m'~~~:i~.h:i.~~it.:~~ilii.:;r-tl, ... (;,,:~;;:·'t.i;';·~i:&;'~~,"'£;i;iiri:ll:.~~L~J.#&-;;:.w11d.· .'<.;·',l;~{.).'i!l"iWj'l#"i,;{;dji;,>;;·4·t~1A't '\9~i'·~*4.J;ib·'·4 '"16 ~. ¢'~i4:~;=::~~~~" 
'-.-0-,'"1<'.".:-' d',"'_ ,.,' '-'.·i': \ :-".<~" __ -"('V"-: ,-' ,?!~-.:,- ' .. - ",-'- i"; ."; ~1-,~ - 'j(;"~'_~t_i; "-;--' . -,1_1'::"'-:', C "* __ :: .",t-: -,_" 'r: .-c.:;:-', . -:'::~-:F.:-- -,;-:,.';.' ""-/.'.-- ;'!" .. 
~'m,"'i~;,i~~,:?!};',,,,-,w~.,-~.;ttl.m~~~! .. ~ ""=>~~'4« .. Z4, li __ .," _",;:LQ!-' .. d',; _,A~,''iil·~'',,,,i'_·~~~aru&:_kEG!!_%0!41i_4't''bi.W:rnt!!22.>t.i_WhJWlll~, b£t;:cztt22& LlAMlU :± 
I 
~ 
I 
i 
E 
~ 
fA 
i 
I 
~ 
• 
: 
• 
" 
n 
I 
..,. 
..,. 
KN 
lCfl:J 
I(IP3 
o.~ 53.'+ 
75.f, 
95.2 
11ll.3 
122.3 
127.2 
13C).7 
1,.7.2 
1&5.7 
111.7 
,. 
12. 
17. 
21. 
24. 
27. 
28. 
31. 
33. 
37. 
36. 
I( (MA)C1 
con £--::: 1"'111 
, .. ~ 
1f\2.~1J 
cf,4.'-1 
343.1Ci 
4;:!f. "a 4&;.2; 
lo1J 1. ~II 
541.2& 
574.se 
77~.6q 
Slt4. ~t, 
~€a 
I~ 
~~ 
€ag= 
@'"tl E=~ ~t"J 
><:5) 
E-~ H4 
J. C L; 
7.20 
1 ~. 4: 
1~.51 
: E. ;:j C 
1".12 
: 9. q6 
,21.21 
;:' 2. f.3 
3!l.35 
'3~. 2 3 
SPt:,CIMEN t\UH9EP,' 
flllOYI 
ORIENTATION. CONSTQA[NH 
TEST TE~PE~ATUREJ 
SPECI~EN THICKNESSI 
OU~rNG PRECRACKINGI 
~,HAlF 
CRACK LENGTH 
"" 
PI 
!til. 1 7 I.Qg!':. 
46.&4 1.911i 
4Q.':, 1.93:-
49.66 I.CJ5lf 
50.3 ::; 1.982 
IjO.51J 1. o qS 
I).:i • .:;t 2 2. uJ? 
51.35 2. :'22 
51.44 2. )25 
57.;:,5 2.27J 
5Q.ol 2.347 
TABLE C3-20 
3.2& HM 
35.18 HPA SORT (HI ( 32.q3 KSI 
125-3T4 
2·)24-T361 
TRAN~VERSE 
ST IFFE"'EO 
450.0 K (.123 ttu 
SaRT (INt) 
S:TQE'S;:; 
OElU • STRESS INTE ~SITV FUll SECTto~ NET SECTION 
"" 
I!--: ~FA SO"T(:1) K5I 5'];:<T(II\, HP' KS1 ep, K'SI 
r.. [[} C.;lJ OJ :i. [ } ~.:;;; ;. ii ~ ~.:~ (i.ilD O.CJ 
.47 .a8 22.CJCJ 2:;1.92 5",.Q3 1.~7 61.ltc; 11.82 
• q? 
• : 3E: .'!2'.11 29.92 17.82 11. '2'1 115.9E 16.82 1.71 • ,j67 l!-1.Ef8 31.93 '91.96 14.21 1"'7.13 21.3'" 2.18 .C~f::l 41i.6il 44.23 11~. 52 lft • .,~ 171.32 Zlt.8" 
2.51 .OCiq 54.32 It.:J.43 126.34 1f1..'].? 191.U 21.7" 
2.75 .1~8 56.4S 51.:!R 13:. CJ1 1~.~g 1q8.71 2'8.82 
3.18 • 1Z".i 62.33 56.12 1",3.73 2'(I.e .. 219.12 31.78 
3.26 .12~ 65.7i Sq.db 151. ;1 21.c;7 2'1'1.1~ 3!. :3 
l}.it7 • ~73 aG.e; 7~.a,. 17:.51 24.1~ 277.82 40.21) 11. Itto .45 i1 R4. q7 77.32 l1o.f.q ZS.E2 2~".20 le2.E6 
N." 
1<1'" 
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.. '" 12'" 0'" Nt"> 
;:OS 
"'12 
.!..c=; 
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I ,Pi 
FINAL REPORT 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
Stress 
Intensi ty, 
MPa /iii-
Crack Extension, 6a, inch 
0 0.5 1.0 l.5 
140 
0 125-2L5 120 
a 125-2L16 
120 0 125-1Ll 
100 
100 
BO 
BO 
60 
60 
aa fiI~ 000 &boo 40 
40 § go 
11>0 
20 
20 
O~----~--~~--~~--~~--~~--~~ n B.O 16.0 24.0 32.0 40.0 4B.0 
Crack Extension, 6a, mm 
Thickness: 3.1B mm (.125 inch) 
Orientation: Longitudinal 
Temperature: 144°K (-200°F) 
CRACK GROWTH RESISTANr.£ CURVE FOR 2024-TB61 
C-45 
MCDONNELL DOUGI.AS AS1"'RoNAUT,CS COMPANI'. EAST 
Moe El153 
October 1974 
Stress 
Intensity, 
ksi Iii1 
FIGURE C3-1 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
Thickness: 3.18 mm (.125 inch) 
Orientation: Transverse 
I.',' 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-46 
~1CDONNELL DOUGLAS ASTRONAUTICS COMPANV. EAST 
MDC El153 
OctQber 19n 
FIGURE C3-2 
.. r-~"···""U'""."'." .. ,'~=-- .. 
:t. 
.' ,
,. 
FRACTURE MECHANICS DATA FOR 
21l24-T861 AND 2124-T851 
o 
FINAL REPORT 
8.0 16.0 24.0 32.0 40.0 
Crack Extensi on, t>a, m,lI 
Thi ckness: 3.18mm(.125 inch) 
Or; entat ion: Longi tudina 1 
Temperature: 298°K (70°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-47 
o 
48.0 
MCDONNELL DOUGLAS ASTRoNAUy,eS COMPAN .... • EAST 
MDC ElI53 
October 1974 
FIGURE C3-3 
~ 
i,. 
7: 
I 
FRACTURE MECHANICS DATA FOR 
21124-T861 AND 2124-T8Sl 
o 
140 
120 
100 
BO Stress 
Intensity, 
MPa rm-
60 
o 0 
40 ~~oo • 
20 
FINAL REPORT 
Crack Extension, aa, inch 
0.5 1.0 
o 12S-3TS 
" 12S-1T6 
o 12S-1T2 
l.5 
120 
100 
BO 
60 
40 
20 
o +-----1---:--::+,--- -,:-:-f-::---".:+::----:-:::+:---:-::-l n B.O 16.0 24.0 32.0 40.0 48.0 
Crack Extension, aa, mm 
Th i cknes '. : 3.1B mm (.125 inch) 
Orientation: Transverse 
Temperature: 29BO K (70°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
MDC Ell53 
October 1974 
Stress 
Intensity, 
ksi Iii! 
" f, 
I!;""~" ,,'"0 '""'TC' 
I 
if 
;-
FRACTURE MECHANICS DATA FOR 
21rl4-T861 AND 2124-T851 
o 
140 
120 
FINAL REPORT 
Crack Extension, /la, inch 
0.5 1.0 
o 125-7L2 
" 125-6L7 
o 125-2Lll 
1.5 
120 
100 
O+-----~--~~--~~--~~--~~--~d 0 B.O 16.0 24.0 32.0 40.0 4!l.0 
Crack Extension, ba, mm 
Thickness: 3.1B mm (.125 inch) 
Orientation: Longitudinal 
Temperature: 450"K (350°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
C-49 
MCDONNELL DOUGLAS ASTRONAUTICS COMPAN .... EASy" 
I 
FIGURE C3-5 I 
f"-' 
, 
~ 
, 
FINAL REPORT 
FRACTURE MECHANICS DATA FOR 
ZIYl4-T861 AND ZIZ4-T851 
Stress 
Intensity, 
MPa rm-
Crack Extens i on, lIa, inch 
0 0.5 1.0 1.5 
140 
0 125-3T4 
0 125-3T9 
120 0 125-5T8 
100 
0 
° 
80 0 
00 
00
0 
0°0 
60 'b 0 
0 
0 
0 
0 
40 00 
to 
0 
-0 
'] 
I I I 8.0 16.0 24.0 32.0 40.0 
Crack Extension, tla, mm 
Thickness: 3.18 mm (.125 inch) 
Orientation: Transverse 
Temperature: 4500K (3500F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-50 
120 
100 
80 
60 
40 
20 
48.0 0 
MCDONNEL.L. DOUGLAS AS'F.ONAU'FleS C'OMPANV. EAST 
MDe EI153 
Oclober 1974 
Stress 
Intensity, 
ksi An 
FIGURE C3-6 
;;-
{~ 
~--
t+·-
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
SECTION C4. FRACTURE TOUGHNESS TEST DATA FOR 3.18 mm 
(.125 INCH) THICK 2024-T861, BUCKLING UNRESTRAINED 
C-51 
MCDONNELL DOUGLAS AS .... O"',,-U,,",CS COMPANY. BAST 
MDC EI153 
October 1974 
~>"_",,:c,,,;,~I. __ ______ ~= ___ = ___ = __ ~.M,~_,~,, __~_ ~~~~_~"_'_~~~~-~'"' ... '-~~~~~ 
r~n~t'.§l{H,~?!iiaii._\t.~.:.i'l\';:~~M~~~~".' ___ _ ';,ro,' . '.',':,(;'. 
~: ~ 
~ 
! TABLE C4~ 1. 
Fracture Tou9hness Test Data for 2024-T861 Specimens 
(3.18 ImI (.125 inch) Thick, Bucklin!:! unr~strllined) I SpecimeJl DirneMions Precrack Precrack Failure Full Section 
( 
;\', 
~.J 
~::: 
!¥':,' 
"~j 
'cj 
f~; 
i';; 
(i 
',:;j 
II 
i 
t 
III 
l 
~ 
D 
~ 
~ 
i 
J 
it 
~ 
• 
: 
II 
'1 
n 
I 
Ul 
N 
Spec ir.len 
rl~ber 
UI25-·RJ 
lI125-Sl2 
U125-4l4 
U125-6l4 
U125~6Ll 
UIl5-11I6 
U125-411 
UIl5-6lS 
UI25-JlI 
U125-6T7 
U125· JT1 
U12S-4ll 
U12S-4T6 
UI25-2T1 
U125-5T6 
U125-6T2 
UI25-3) 11 
U125-6T4 
Tempera-
ture IKJ 
14. 
14. 
144 
29. 
Z94 
". 
450 
450 
450 
14. 
144 
144 
294 
294 
294 
450 
450 
450 
QrieJl· 
tdt ion 
T 
T , 
Thickness 
~ 
3.24 
3.22 
3.22 
3.25 
1.22 
3.23 
1.23 
3.27 
3.20 
J.24 
3.24 
3.24 
3.25 
3.27 
3.25 
3.25 
3.23 
3.25 
" 
.1275 
.1266 
.1269 
.1280 
.1267 
.1270 
.1272 
.1287 
.1261 
.1277 
.1275 
.1275 
. 1278 
.1289 
.1280 
.1280 
.1273 
.1278 
Width 
ern 
29.832 
29.822 
29.832 
29.807 
29.830 
29.815 
29.830 
29.615 
29.802 
29.820 
29.855 
29.850 
29.909 
29.820 
29.845 
29.809 
29.827 
29.809 
" 
11.745 
11.741 
11. 745 
11. 735 
11.744 
11. 746 
11. 744 
11.738 
11 . 733 
11. 740 
11. 754 
11. 752 
11.775 
11.740 
11.750 
11. 736 
11.743 
11. 736 
length 
~ 
!J9.23 
25.11 
9.86 
BO.62 
40.56 
13.28 
99.29 
Bl.34 
64.01 
8B.98 
25.20 
12.55 
82.27 
41.40 
12.47 
98.02 
69.31 
53.16 
i, 
3.51 
,99 
.39 
3.11 
1.60 
.52 
3.91 
3.28 
2.52 
3.50 
.99 
.49 
3.24 
1.63 
," 
3.86 
2.73 
2.09 
load 
kN 
44.5 
93.11 
146.B 
102.3 
84.5 
133.4 
75.6 
91.9 
124.6 
31.1 
66.7 
102.3 
66.1 
62.3 
106.8 
75.6 
84.5 
57.8 
kip 
10.0 
21.0 
33.0 
23.0 
19.0 
30.0 
11.0 
22.0 
28.0 
7.0 
15.0 
23.0 
15.0 
14.0 
24.0 
17.0 
19.0 
13.0 
load 
kN 
109.4 
206.0 
213.6 
160.8 
195.7 
315.4 
199.7 
243.5 
262.9 
78.6 
159.7 
201.3 
107.9 
147.2 
243.8 
184.2 
213.3 
238.9 
Cr<tck resolution near instability lost due to e~cessive buckling out of the focal plane of the movie camera. 
CraCk extension not measurable due to poor resolution on 16!ml film. 
kip 
24.6 
46.3 
61.5 
36.2 
44.0 
70.9 
44.9 
54.7 
59.1 
11.7 
35.9 
45.2 
24.2 
33.1 
54.8 
41.4 
48.0 
53.7 
failure Stress 
", 
113.3 
214.8 
284.5 
166.0 
203.9 
327.7 
207.3 
249.3 
275.5 
81.3 
165.2 
208.2 
111.1 
150.8 
251.3 
190.0 
221.2 
246.9 
k<1 
16.4 
31.1 
41.3 
AVG: 
24.1 
29.6 
47.5 
AVG: 
30.1 
36.2 
39.9 
11.8 
24.0 
30.2 
16.1 
21.9 
36.4 
AVG: 
27.f. 
32.1 
35.8 
AVG: 
-;:, -, ';,~':" ,,-._--, . .,,::; 'P,.-", ,1;;;1" 
4iUA&:\$# lit _ .... ati:mt)l', 
Critical Str!ss 
I~sity, Kc ~a m ksiV'Tri 
55.3 50.3 
§l.J. 61.6 
61.2 56.0 
75.7 68.9 
63.5 57.8 
79.7 72.5 
73.0 66.4 
Il5Y' 
47.4 43.1 
•• 
47.4 43.1 
• 
94.6 88.6 
• 94.6 88.6 
Data 
Table 
N,. 
CII-2 
"-3 ,,-. 
CII-5 
C4-6 
04-7 
,,-s 
, .. 
C4-9 
" .. 
C4-10 
C4-11 
C4-12 
C4-13 
Figure 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-Tasl 
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Intensity, 
MPa 1m 
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40 0 A 
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20 
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• c 
8.0 
FINAL REPORT 
Crack Extension, t.a, inch 
0.5 1.0 
0 
0 
• 
15.0 
o U125-4L4 
• U125-5L2 
c U125-4L3 
24.0 32.0 
Crack Extension, 6a, mm 
Thickness: 3.18 mm (.125 inch) 
Orientation: Longitudinal 
Temperature: 144°K (-200°F) 
1.5 
40.0 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
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A U125-6L3 
o U125-6L4 
24.0 32.0 
Crack Extension, ~a, mm 
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40.0 
Thickness: 3.1B mm (.125 inch) 
Orientation: Longitudinal 
Temperature: 29BoK (70°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
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MDe ElI53 
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40 
20 
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FIGURE C4-2 
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FRACTURE MECHANICS DATA FOR 
21rl4-T861 AND 2124-T851 
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CraCK Extension, ~a, mm 
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Temperature: 298°K (70a F) 
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FRACTURE MECHANICS OATA FOR 
2024-T861 AND 2124-T851 
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Crack Extension, 6a, mm 
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Thickness: 3.1B mm (.125 inch) 
Orientation: Transverse 
Temperature: 4500 K (350°F) 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND ZIZ4-T851 
FINAL REPORT 
SECTION C5. FRACTURE TOUGHNESS TEST DATA FOR 6.35 mm 
(.250 INCH) THICK 2024-T861 
PRECEDING PAGE BLANK NOT FILMED 
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Specimen Dimensions 
Specimen Tempera- Orien- Thickness Width 
Nl.llflber ture (K) tat ion ~ '0 
'" 
250-Zl4 144 L 6.47 .2548 Z9.797 
250·2L3 14. L 6.36 .2503 
ZSO·llZ 144 
TABLE C5-1. 
FractLlre TOllghness Test Da~:a for ZOZ4-T861 Specimens 
(6.35 I1T!'I (.Z50 inch) thick) 
Precrack Precrack 
Length . lo~d 
'0 ~ '" '" kip 
11.731 88.32 3.118 62.3 14.0 
, • ..,">" ?~ n7 
" 
~n.4 50.0 
'0 
Failure 
Load 
kip 
154.8 
295.4 
392.6 
34.8 
66.4' 
88.2 
full Section 
failure Stress 
Critical Stress 
Intensity, Kc 
MPav'ii1 ksiVtn MPa ksi 
80.3 
155.8 
208.0 
11.6 35.1 
22.6 38.9 
30.2 35.4 
AVG: 36.5 
15. J 'u.6 
22.6 42.1 
38.7 45.4 
AVG: 43.7 
27.3 95.9 
34.7 96.4 
37.4 89.0 
AVG: 93.8 
,., 30.7 
17.0 28.3 
27.3 32.1 
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11.B 32.5 
18.9 32.9 
30.7 35.7 
AVG: 33.7 
22.1 68.3 
28.4 75.7 
40.1 67.9 
AVG: 70.6 
32.0 
35.4 
32.2 
33.2 
39.7 
38.4 
46.3 
39.8 
87.2 
87.8 
81.0 
85.3 
28.0 
25.7 
29.3 
27.7 
29.6 
29.9 
32.5 
30.7 
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18.9E 
20.81 
.Io,:n 
• :;1,1 
.517 
• r;!~ 
.f:i2g 
• 5~B 
• ~,j It 
.E-i:i 
.677 
• 7~6 
• a1 g 
TABLE CS-2 
12.72 MPA S{]RT(I't) ( 
25J-2L4 
2024-T661 
LONGITUDINAL 
UNSTIFFE fl,E [) 
1Ct4.u K 
6.47 ~~ (.255 INI 
11.5~ KSl SQ~TCIN') 
DELTA A 
tiM IN 
1i.a.J 
.36 
4'~~ 
.... 1,.5 
1.tIo!) 
l.3J 
Ct.liJ 
4.75 
7.83 
C. OJ il 
• L 14 
.:'24 
.041 
• 01 '3 
.oqt 
.te; 6 
.187 
.3;] 8 
HPA 
TABLE CS-3 
:iT~ESS 
SURT (M) 
ii.CO 
21.53 
24.1Ct 
21;.7" 
2~. 78 
31.S1 
32.78 
33.6Ct 
35.20 
INTE NSITy 
I(SI SQRf( I~I 
O. JL. 
1'3.5'3 
21.q7 
24.33 
27.!-0 
,?~.6q 
?!J.63 
30.62 
32.04 
STRES5 
FULL SECTtOk NET SECTION 
HPA KSI KPA ~SI 
l.OO 
54.37 
6:].76 
6b.8Q 
73.66 
77.ltQ 
78.7Q 
8il.07 
80.48 
!I.nil 
7.81) 
9.81 
'1.73 
10.nll! 
11.Z4 
11.43 
11.61 
11.&1 
0.30 
77.l5ft 
66.65 
go.03 
1!l&.5f, 
112.61 
11&.1t2 
119.2J 
123.62 
a.ilO 
11.25 
12.59 
13.93 
15.46 
16.33 
16.88 
17.211 
17.93 
23.3~ MPD. SORT IHI ( 
Zt;\i-2l3 
2024-T9&1 
L ONGITUOINAl 
UN5TIFFENEO 
lLtLt.D K 
&.3& HM C.25U IN) 
21.28 KSI SQRTCINII 
OEl14 A 
I'1H IN 
v. C" 
.-. 
.6G 
.62 
.91 
1.8A 
2.dJ 
3.0Q 
4.6b 
b. t.2 
6.27 
::.iiiiol 
• a17 
• ::;21+ .~2~ 
• .. 3':) 
• ~7" 
.11il 
.122 
• 18 r. 
.253 
.326 
STKESS INTENSITY 
HPD. SIJPTCHI I(SI SQ'?TCINI 
oJ.::il 
15.56 
20.62 
24.61 
27.77 
31.11 
33.37 
34.16 
36.08 
38.26 
4(;.24 
(l.DC 
14.1S 
18.77 
22.4~ 
25.2A 
2d031 
3J.37 
31.Cg 
32.83 
34.82 
350.62 
STRESS 
FULL SECTION NET SECTIO~ 
"Po. KSI "PO. KSt 
J. DO 
76.71 
IGl.u7 
12J.50 
13Ct.5t 
145.38 
151.il9 
153.16 
153.QS 
155.25 
155.52 
G.OJ 
11.12 
14.E6 
17.47 
19.;11 
21.08 
21.91 
22.21 
2Z.lZ 
22.51 
22.55 
0.0:1 
64.02 
110.83 
132.17 
147.83 
160.~5 
168.41 
171.10 
114.!l2 
177.S7 
160.74 
0.00 
12.18 
16.D7 
1Q.17 
21.44 
23.34 
24.42 
Z ... 81 
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17b.l 
199.2 
201.6 
221.& 
246.4 
Zbl.b 
279.1 
31't.9 
.334.9 
3ltO.9 
35iJ.6 
355.40 
35q.3 
365.3 
372.lt 
.HEt.5o 
3d3. u 
390.1 
390.C. 
19l.9 
3,)J.l 
.J9J.,z 
LOI\D 
KIPS 
O.U 
3&. " 39.7 
,. ... tt 
406.7 
51.2 
55.4-
bO. Z 
62.7 
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76. a 
Hd 
110. tt 
liZ.! 
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66.1 
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S8.1t 
E-J HM 
.i. Ju 
2 l.ItT 
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35.17 
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ill 7 .S7 
l1l.5ft 
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S P:: el HE r~ NUMBER' 
AU.Ov, 
ORIENUTIONI 
CONSTRAINTI 
TEST l£MPERATUREI 
SPECI~EN THICKNESS. K (MAX) DURIN; PRECRACKIN~' 
A, H4LF COO CR4GK LENGTH E-3 IN Hi IN 
Ci.IlD 5 •. H .2u9 
.S5 5.ftu .212 l.lL 5 •• 5 .215 1.3a 5. &5 .223 1.36 5.7q .226 1.54 5.!J6 .231 1.69 S.H .233 1.68 &.i)5 .Z,U 2. D1 6.10 .243 2.29 D.li .24,. 2.41 &.24 .2~6 
Z.57 6.31 .Z51 2.66 &.110 .2!iZ Z.79 b.i-j 
.i::59 3.1!i 7.36 .290 3.26 7.il .296 3.47 7.7 d .306 3.62 8.Jl 
.Jib 3.90 S •• O .334 It.ll1 8.71 .31t3 4.25 9.';1t .356 "~43 9.35 .366 4.6a 9.:aS .381 It.61 9 .. 71 • .nz 
TABLE C5-4 
2511-1lZ 
202"-T8&1 
lONGITUOIN4l 
UNSTIFFE NE 0 
144.11 K 
&.33 K" f.Z~~ INt 15.84 MPA SQRf(H) ( 10.02 KSI SQRT(INJI 
STRESS DELTA A STHESS INTENSITY FULL SECTION NET SECTION HH IN HPA SQRT (ron ;CSI SQRT CItH MPA KSI HPA KSI 
iI.ijO O. JO u ".GO i;.Du J. au ll.Ou O.Oll 0.611 • , 9 
.0;3 9.46 6.63 7l.TS 111.55 75.49 10.95 ... .ui.i6 12.26 11.16 93.67 13.58 91.22 14.lil 
.35 • alit 1"'.08 12.81 lOS.55 15.31 109.72 15 .. 91 
.os 
."19 llt.s5 1.3.52 11.1.04 15.96 114.49 1&.6el 
.55 .&22 Ib.39 IIt.91 lZJ.&S 17.5u 125.59 18.21 
.6.;, 
• J24 17.81 16.21 13';.&1 16.91t 136 .. 6u 19.72 
.h .u29 19.57 17.81 Iftl.81t 20.57 1ft'. 8ft 21.«1«1 
.65 .u31t 2".&0 18.75 147.93 21.4$ 154.31 ZZ.l8 • SS .035 23.Z9 21.211 16&.89 24.2ij 174.13 25.25 
.93 .,j31 24.86 22.&4 117 .49 25. lit 165.25 2&.8& 1.&io .G42 25.59 23.29 180.67 26.ZD 188.1~ 27.37 1.u9 .i.l43 2&.3& 23.99 IdS.81 2&.95 194.14 28.15 1.2a .oso 27.13 24.(1) 188.34 27 .. 11 191'i5 28.56 2.0& • (,81 Zg.~o 2&.39 1911.41 27.61 zoo. 1 29.a5 2.20 .uB7 29.78 27.10 193.59 28.a7 2(13.86 29.56 2.47 
• G97 3J.91l Z8.1,2 1')7.38 28.62 208.Z4 30.2l1 2.72 .1'::;1 31.71t 28.88 199.5& 28.9,. 210.'12 30 0 59 3.11 
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c: 
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n 
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! 
iI! 
'<: 
• 
~ 
Il 
'4 
(") 
I 
en 
\0 
LeAD 
<" KIP~ 
D.D C.u 93.2 21 ... 
11&.7 26.2 
127.2 2d.6 
ll7 .. " l':'J03 14b.8 )].1.1 
15Z.6 34.3 
15S.1l 35 .... 
156.3 5S. t 
162.3 3&.'.1 
1&6.G 37.8 
175.q 39.b 
160.7 4C. I:) 
l1U.6 41. J 
183.g 41. ~ 
187.4 412.1 
18B.2 te2. ? 
HP}.1 42. tI 
191.1 te3.1 
192.2 ~3.2 
lQ2.3 43.2. 
11)2.2 .. 3.2 
LOAf) 
"" 
KIPS 
..I.': ~ .... 
34. 1 7.7 
118.5 2&.6 
161t.o Itl.1l 
204.3 1tc;i.1 
Z09.2 47. ~ 
218.9 49.2 
Z 23.:! 511.2 
232.0 52. ~ 
Z43.2 54.7 
251.5- 56.~ 
266.15 59.'} 
216.7 62.2 
ZSt).l 63 .... 
285.4 64.2 
280. n 64.5 
Z98.9 elo. CJ 
SPECIMEN NUI1;)PH 
4LLOYI 
O~I£NTO.TlONI 
CONSHA1NTI 
T~sr H::-IPE~ATUREI 
SPECIMEN THICKNESS I 
'«I"I\X) JU>;IIN:; P!<'5:CQACr.PlGI 
~ HALF 
CO) cPAck LEw;rH 
E-,; 't!'1 E-:i ttl 
"" 
ttl 
... ~ I. il.Coi :.t.25 1. E2te 13<? ,II:;; 'i.23 41.32 1.1:27 
165.ts? £:.157 41.32 1.627 
1'! ? .4 1.21 41.53 1. E3t; 
F+;. S-) 7 ~ '\1 "1.5~ 1.oJCJ 
21!. 7: A.:'l 41. II 2 1. Et.1 
"Z.!. ~7 ~. 7E- 41.8& 1. &4 S 
227.i9 d. Q 7 ~1.95 :.. !l52 
U9.!\7 1. :"3 te2.13 1.659 
'CtJ.'jf., q. 47 .. 2.39 1.6;q 
Z;Z.l'il q. ~te 42 .. t13 1. fa .. 
2b8.43 1 ~. 57 43. J 1 1.7~5 
,,71}.IIQ 1 J. q[j 43.4ft 1.71ii (,:H.iS, 11. 1 (j <'3 .4 7 1.7t2 
2f13.S; :. !.. 1 ~ .:.3.07 1.71 q 
29J.;:;7 :.:..42 43.75 1.??!3 
2°l.-\! 11.72 to. ... :; 4 1.754 
;':-\.~lt 12. 1 ~ 45.lt6 1.1QC 
312.27 t 2. 20 !oS.50 1.7Q!o 
.H-J.7e.. 1 ~. C;:Q 46.32 1.824 
331.:;;;;) l.J • .: 3 47. i 5 1.87 j 
;:4; • .:'(0 1 ~. 4 1 48. ~ 7 ... ~~ 4 
SPECI"1E,N t.UH8£~1 
ALlOYI QR[EUTATtONI 
CONSTRHNTI 
TEST TEHPERATU~EI 
SPEC[M~N THICK~ESSI ( (MAX' OURING PRECR4CK[NGI 
C11 
A,HALF 
C~ACI( LEUGTH 
t. - J "1'1 !:-.1 IN 
"" 
rN 
J.:J J ..... 14.47 • C;r,q 
15.62 .~1 14.? 3 .570 
IJIo.l'l ;:.14 1tt.;; Et .57l' 
AIJ.5? 1.37 lit. 56 .573 
qlj .b~ 3.77 14.:;6 • '579 H,J.44 tt.'.J7 15.ltT .6~ q 
1J~.;4 4.11 15.52 .615 
1110.13 4.:;2 16.!l 4 • E-31 1i?r..;..! It.f\(, 10.35 .64,. 
U~. :.5 :;;. 12 16.51 .653 
~31.5':1 'j.4' Hh'1J .G6; 
1:;1.7; 5. q7 :.7.:;~ .B~ 
1b ~. 57 Eo 44 16. l!l .713 
:lJ:,g. ~7 &.;q 19.55 .73":' 
:.7E.71 ~.% 1~.~'" • 71t l' 1~ '.1J 7.17 19. J 3 .761 
;21.7;' 'l.7"! 23.1:; .111 
"~-. 
TABLE C5-5 
2r;u-~L'; 
~iJ24-T!!&1 
LONr;ITIJ'JINAL 
UNSTIFFE ~E D 
Zqt..; i( 
6.1ct I"M (.244 IN) 
17.32 ~P4 SQQT(M} ( 15.76 '<SI S~RT'I~)} 
STRESS 
nEl Tn. A STKESS I~Tfr-.SITv FULL SECTION NET SECTION M" IN MFA SIJIH eM' 1(51 S!}Rf(r~J HPA I(SI I"IFA KSI 
(i.t~ O.Ciliil u.c,J u .li& ~.J10 O. :](i J. J () D.OO 
.01 .D~3 !q .1Z 17.ft;: 5J.Cjl, 7.33 b9.q,3 11.1ft 
.U7 .1i13 23.~5 21.iI;1 &3.31 q .16 87.&: 12.70 
.Z. .1111 ZO.17 23.6Z 68.97 111. ~D Q'.61 13.86 
.37 .015 28.31 ZS.76 74.49 1 D. 8J 163.!& 14.q9 
.57 • ill J 3a.34 27.&1 79.6Z 11.q; 11(;.&6 16.05 
.61 • jZ It 31.'5& '!8.72 82.18 12. J!i US.Ie t6.&q 
.7ii .~Z!I 32.Zfl Zq.3(; ~Ct.4q 12.25 111.'i!l 17.ii~ 
.DS .035 3Z.4' 29.53 61t.16 iZ.Z:J 116.11 17.141 
1.13 .045 33.1)0 :n.76 86.CO 12.1& 122.96 17.8! 
1.SS • :62 35.2Z 32 • .::i5 Q1.10 13.21 127.8" 18.54 2.1::& • (\81 37.14 H.3': ~5.41 13. ~" 134.5:; lCJ.'i!] 2:.1 q 
• u8& 38.21 14.77 Q7. eJ7 Ift.21 13d.213 20.u5 2.U .\i8d 3d.35 !S.J6 q9.58 14.44 140.SQ 20.3'1 
2.42 • GQS !Q. C 2' !5.'.:il q~.72 11,."6 141. '6 2J.~6 2.5~ .jCJ9 39.1'10 36.2Z 1 ,a. &1 1,..7" IIt3.~4 21l.66 
3.29 • !3 0 4J.ltl J&.7B 1JZ.Oft lit. R~ 1"'i.53 21.10 4.21 .1&0 ltl.20 37.55 !li2.B8 1 1,.92 14i1. u3 21.47 
4.31 .11 il ttl.7S 38.0u 103. IU; 15. Jill :tl,Q.73 21.71 
S.C7 • 2J ;;) 4.!.31 ~8.5: 1;".25 15.IZ 151.26 Zl.9,. &.33 • Z~ 9 43. ~ 6 39.16 lClt.30 15.13 153.22 22.22 7. &2 • 3ij u tt J. 7 7 B.83 10".21 15.11 155.06 ZZ.,.9 
TABLE C5-6 
2C;j-!L4 
2(;24-TI361 
lONGITUDINAL 
U~STIFF=r-.EO 
29lt.D K 
~.2S H~ (.24E IN' 
20.51 MPA SQRT(H, ( 1~.&7 KSI SDRT(I~)' 
STRESS 
OELTA A STPESS l"nENSITY FULL SECTION NET 'iECTICr-. 
HH HI HPA SQPT 00 1<51 SQPT({N' "PO .cSt H·' <51 
il • \:.J: ::.ijOJ; J.OJ a.Ci: J.JIi n. iiii O. !Ill 1. a a 
.16 • JOil 3.Q6 3.uD ld.36 2.E:6 20.3, Z.95 
.10 • lie tt 13.71 12.4d 6J.73 9.2ft TiI.&1t 10.Z" 
.1:) 
• LiC4 21.38 lq.ft6 99."0 14."1 11:!.18 15.98 
.22 • J'l 9 23.74 21.6': lilq.d8 1;.93 121.91 17.68 1.00 • Cit D 24.91; 22.11 112.1t8 1&.11 125.52 1".2D 1.15 • ()4 5 2&.25 21.6q 117.71 11.117 1:!1.51 1'J.:n 1.57 • CI) 2 27.14 Z4. 7 U 12'J.DG 17.41 13,..Sfl 19.51 1 dill .;71, 2d.'t8 2-)..9~ 12~.7G 16. J9 11+0.15 ZJ.32 
2.11 • l8 3 .1': • ~ 7 ?7.37 13J.78 19.91i 147.17 21.3':' 2.lt4 • i}Q ~I 31.1t1 2B.58 1l'i.22 1 q .61 152.54 2Z.12 
3.010 01 , 33.69 30.~4 143.31 2il.78 lE-Z.4t Zl.t;S 
3.63 • 1,-: j 35.6 ; 32.56 1ftS.7a 21.56 16q.35 l4.Sf te.jjA .161 30. n 33.4': 15.j.59 21.84 172.C3 24.95 
4.41 • 17 It 37.7ft J4.3S 153.4& 22.25 175.15 2~."9 
4.87 .1'32 35.4J 34.gr; It;4.22 22."~ 177.?" 2':.70 
8.GB .342 42.52 ~8.6q 1,5.33 22'.53 H3.94 26.&7 
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4&0.6 IJ~.b 
4&1.1:) 1 J3. d 
It 70.6 105. :3 
.. 84.2 1 J B. o.j 
492.3 11(. j 
SD6.5 113. '3 
50&.5 113. 9 
<N LNn KIP'S 
c.c 
145.'3 
184.3 
213.0 
Z44.7 
27~.( 
298.9 
311J.0 
3'27.6 
33'1. t 
34&.4 
3'5D.~ 
J5G.[j 
351.8 
Q •• 
32.11 
Iota" 47. '1 
55 ... 
61.1" 
IJ7 .2 
71. j 
73.0 
70.2 
77.7 
7'3.7 
78 a 7 
7'=1.1 
K (MA)() 
COo] 
F'- ') 11"1 !:- j HJ 
.:.~~ ~. Ct 
l·J. 1 '3 .4t 
2~.3} .1. 
'>1.1 7 ;::.17 
6S./\1 ?f;3 
75.111 2.QS 
79.91j ~.1~ 
h.7i1 3.:H 
q).,,~ J.1)7 
Q ... 67 J.7! 
l~J.I\..J 3. q7 
1,jH.62 4.26 
11S.34 4.54 
11 1.53 4.S3 
123 • .51 !t. AS 
:'3".7F, '5.31 
l'n.1Q lii.5:. 
1,1.2 J 5.9; 1'-,,,. e-=J 0.4Q 
I( (HiI)() 
con 
E - 3 "1"'! £-.5 til.' 
· -; ~ .:. -J ( 21 • ,\1 :j. "F 2iJ .54 l1a 12 
34 .39 :. !. 4C 
~u .~6 15afi7 
"'6 .1J 113.43 
54 .27 21.27 to .1? 2 ". A2 
'.G • a:, 25.62 72 • 1 ~ '2 q.::;1.: 
70 
.S' 51.: 1 0'3 .4::i 12.~o 
R' .,7 .! 4. 07 
'?5 .24 '; 7 a 1',1 
SP~CIMEN Nu~aEQ: 
All QY I 
ORIENTATIONI 
CONSTrJOltNH 
TEST T~t1PErJOATIJPEI 
SPECIMEN THICKNESSt 
DUQING PQECRACKINGt 
CqA~~H~~~GTH 
"" 
TIl 
5. J 2 .lq7 
'5.3,) .2'12 
s. 7 7 .227 
-;. ~ ij .221} 
5.9-1 • 236 fi.~J .236 
6. J ~ .237 
(1. 1 '3 .24 J 
6.36 .251 
6.55 .258 
5.77 .2&7 
7. 31 .28B 
7.45 .294 
7.57 .2-=JB 
7.7';' 
• 3D f> 8.19 • 322 8. J J • !27 
B.&' • ]41 8.6;;; .lkq 
SPECIMEN tlUHaEOt 
AUOYI 
O~rENTATIONI 
COfIST~AlNT I 
TEST TEHPE~ATUREI 
SPEC I:1£N THICKnESS' 
CURING PRE:CRII.CKING' 
A,HII.LF 
GR.IlCK LENGTH 
"' 
1'1 
I.jl.JJ 1.f.l4 
Ltlal6 1.1:26 
I.jl.~7 1.(:53 
43.1oJ I.E'l7 
103.72 1.721 
10"'.5 C; 1.7'i4 
4~.12 1.~16 
47. :lJ 1. ~'36 
49.J2' t.Q3j 
51.55 Z. ':3 C 
:;3'a 17 2.117 
55.01 2.1~0 
S8.JQ 2'.2'87 
"(jadl Z. J9!t 
"'-",- . L'f""":"':'~""'";·"!Ii'WfflW"">'iI".if·j;tr. 'lII'irIl!!oliVMnliilin".'P .. ?tliililE FE 7 !fl5 ~'iMMr'll'k':;a'Jillitl'&;;';;'..1..4¢..'i\,,~~£.t.u~"'lioti,.:l.2LdRL &Q L ~_ y 
TABLE C5-7 
2'5<:;- loll 
2024-T661 
lONGITUOIIliAL 
UNSTIFFEt..EO 
2'1".0 t( 
16.11 MPA SIlRT(HI ( 6.40 ~H (.252 IN. 14.65 KSI SQQT{IN)) 
SH~ESS 
DELT II, A STRESS INTENSITY FULL SECTION NET SECTIO~ MH IN f1FA SJRT (HI !CSI SQqTUN) "PO 
u • £I 0 0.0011 (I. ij D G.J!: .:1.00 
.37 .1J1lt 4.27 3.68 32.81 
.75 .'J3J 9.7q 8.91 72.&q 
.75 • 011 21.3A 19.46 158.Z6 
... .0]9 25.10 22.64 182.1" 
.9Q .039 27.17 25.Z7 2(12.9'5 
1. 0 ii • C4D 29.32 26.68 213.00 1.17 .04& 3u.19 28.02 ZZiI.14 
1.35 • ijS J 31.91 29.10 Z2,.91 1.53 .D6J 32.6Z 2Q.B& 228.51 1.7, • ('tig 34.21 31.1,. 234.34 2.2'1 .e90 35.47 32.23 233.76 
2.44 .(j9& 37.Cl 33.68 241.52 
2.56 .101 37.41 3".01.0 .?42.18 2.74 .lG6 :56.56 35.11 246.72 
3.16 .124 "0.76 37.0Q 253.81 J.2q .129 "1.81 38.i)'S 258.44 3.&4 .llt3 43.87 39.93 265.56 
3.61.0 .151 "4.38 4:J.3q 265.59 
TABLE C5-8 
22.72 HP4 SQRff"' I 
2'5':-- 3LiS 
2iJ24-T861 
LONGITUOINAl 
U~STIFFEt..EO 
450.0 i( 
6.18 HI1 (.24J INt 
2a.6~ KSt SQRT(INII 
K5I HP4 K51 
iJ .110 0.00 D.DD 
".1& 34.i;3 ,..9,. 
1D.S4 75.62 10.97 
22.95 164.67 23.88 
26.5Q 19a.40 21.61 
29. :1G 210.53 3ti.~! 
30.89 221.96 3c.1Q 
32:.01 23C.30 33."0 
32.1& 235.q9 3 ... 22 
33.14 239.02 3".66 33.9a 2,.S.fl9 35.60 
33.9~ 2"5.82 35.6S 
35. D~ 25".2" 3E.81 35.1 2'55.14 37.00 
35.18 26i).27 31.1,. 
36.82 266.61 38.95 
37.41 273.6'5 39.68 
38.51 ZlJ1.B 40.88 
38.51 262.31S 40.9C; 
STRESS DEl T A A STRESS INTENSITY FULL SECTION NET SECTION 
"" 
IN HPA SaPT 00 1(5 I C)QRT UN} HP4 KSI I1PA KSJ 
iJ. 0 G C.iiIlO J.ui) u. c: ~ ii.Oii a.Oil 0. D il D.DD 
.3. • 014 29.96 27.26 1').1" 11. "a 109.51 1S.88 
.98 • ;7.39 36.19 3'+.75 10G.On 1,..Ill) 139.16 20.18 2.1: • [j~ 3 4".S" "ii.8t 115.5:5 16.1& 1&2.51 23.57 2.73 .1~ 7 51.'18 47.3C 132.76 lQ.Z; 181.83 21.2" 
::.55 • 14 ~ SS.51 ;3.'58 148.65 2'1.;& 211.96 30.1,. ~ • 12 .2 C 2 65.64 59.7 .. 162.21 23.52 23Ct.82 ]14.05 G.91 .272 71. G" 64.61) 171.4& 24.9& 252.59 36.6] B.(3 .31& 74.79 ';".>1'= 177.7 .. 25.11 264.77 38."0 U.S7 
• "16 8C.n 72.63 18".00 26.68 281.2&1 40.76 12.7" • 5D 3 64. i1S 1&.52 181.95 27.Z& 293. g .. 42.63 lit.b2 .571J 86.q5 7'J.13 16'l.9Z 21.54 302.86 "3.Q2 17. c.q .1:.73 89.65 8t .5a 189.90 21.'54 311.1J5 45.11 
1 ':. B 1 0- 7S ~ 93.15 Sit. 77 19,;).8& 27.63 322.25 46.73 
"'.., I<l::o .. ,. 
l.~ 
=c 
ill"" 
,.,.'" 
z'" 
a'" 
"," ;;;$ 
..z 1-~~ 
"'a 
-,.,. 
;;! 
.., 
'" ::0 
~ if~ 
;:'Cl 
... -:=Ill 
." 
2 
J> 
r-
:u 
m (! 
~ 
;,1 
;: 
" 
':; 
,,] 
,) 
:~ 
~.~ 
<;~1 
:-:: 
,'~ 
';: 
J 
'I 
; ~ 
":. 
.1 
,'" 
'j' 
'~ 
'~ 
, 
,~ ~ , 
:" I 
1:~ 
:,~ 
i-i 
\ 
, ? 
t',~ 
:,~ 
:~ 
J j 
'-~ 
"II } 
-, 
.~ 
lJ 
I ~ g 
g 
i 
~ 
i n 
0 I 
" E ~
I: 
~ 
!II 
n 
0 
i: 
! 
~ 
~ 
• 
~ 
til 
'1 
<N LOAD (IPS 
O.C 
52.8 
13&.2 
209.9 
262." 
32l.8 
3560.0 
385.5 
"11.3 
"26.1 
44D.9 
.... 1.~ 
loan 
u • .:i 
11. ~ 
3': .6 
It 7. i. 
5Ci.,j 
12.6 
8u." 
86.7 
92.5 
95.6 
~9.1 
9q.l 
KN kIPS 
tt: ("AX) 
CO,) 
[-j M'1 £-1 IN 
J • .;.::: o.~, 
4!». If, 1.62 
122.21 ft. e:. 
'~1.J4 7.'31 
ZEoe.31 10. ftB 
:!5~.:"J 13. '11 
lorJ~.lZ 15.95 
to1-3.71 :. s.!)s 
S6f5.t>'3 22.39 
€~9.o1 25.1A 
71.11.72 lA.3D 
877.:'':' 311.53 
IC (r1 11 X ) 
CO) 
f-1 11M ::-J Ttl 
SPECIMEN t..Iu",nE~' 
Q.~lCY, 
QqI E.NTA ft OtH 
CDNsrq:AINH 
EST TEHPE~ATU"'EI 
SPECI~£N THTCKN~S~I 
OU~fNG PPECRACKINGI 
a,HAlF 
CRACI( LENGTH 
"" 
IN 
25.1!1 • 9 tH 
?r;.g~ 1.023 
26.28 1. ~3 ~ 
27.]7 1. u7 8 
ZEI.?; 1.113 
29.1t 2 1.151\ 
29.67 1.176 
31.66 1.2tt6 
.Jl •• ! 5 1. 3,." J&.Z4 1. "l1 
18.41 1.512 
45.28 1.183 
SP2:CIMEN NUf1ilf.=!. 
.aLlO.,! 
ORrENTATION. 
CONST~A I ~lT I 
TEST TEHPER~TUREI 
S~~CI~EN THICK~ESS. 
nu~rNl; PRECRACKINGI 
A Hill' CRAC~ LENGTH 
HH Hl 
-------j=~=-.--------
27.8ft MPA saRT 1M) ( 
25J-3LIQ 
2!J24-T861 
LONGITUDINAL 
UNSTlfFE~EO 
4511.':: K 
6.14 M" (.2.2 INt 
2S.3~ KSI sa~TCI~)) 
SUESS 
DEL TA A ;;TfC:ESS nnE NSITV FULL SECTro~ NET SECTro~ 
"PA Ksl "FA KSI 
"" 
IN "PA SQRT 'H, KSI SORT UN. 
o. ClO G.ooe; Q.OO 
.80 .031 8.39 
1.i:.q • i:ft3 21.8D 
2.19 .086 l4.34 
3.1I8 .121 43.14 
".23 .167 54.94 
".&B .181t 61.09 
6.47 .255 66.33 
8.C)& .353 7&.08 
11.&6 .4l, 81.55 
13.21 .S21 87.28 
Z ... 1':' .791 9&."3 
TABLE C5-10 
17.24 HPI SQRTIH) ( 
o.OJ a.oo 
7.6r. 28.8ft 
13.dft 7~.44 
31.25 114.68 
39.80 143.53 
50.;)( 116.1t0 
55.&';; 19't.5Z 
62.1CJ 213.64 
6Q.Z4 Z24.76 
74.21 232.R~ 
19.ft! 24l.'::,':' 
87.7& 241.l1 
Z50-3L12 
2iJ24-Ta&1 
LCNGITUiHNAL 
UNST IFFE 1\:£0 
450.0 I( 
&.33 NH (.2lt9 IN. 
1S.69 (SI SQ~T(lN)1 
, 
J. til a.co 0.00 
ft. 18 .... ~ 5.66 ID.7!:J 90.3 1!.11 
1&.6] 140.48 20.37 
20.81 117.11 25.68 
25.'i" 219.78 31.87 
28.21 243.2& 3~.28 
30.1j5 267.1t5 .18.78 
32.59 Z91.55 1t2.28 
33.77 307.64 ~':!J ~lt.94 324.5& 
,!It.!J5 346.17 5).20 
SfQESS 
DEL TA A STRESS INTENSITV FULL SECTION NET SECTICN 
f'lH IN MPA SJRT (MI teSt SflPT (IN) ~PA ~SI "PI .cSt 
c.t lI.... l.~j il.ilC 15.42 .6;:7 ii.L,j ).JOJ ii.u!) J.t.: J.ao i).OJ D.:" :hOil 
29.q 6.1 11"h::'Z • Eo.! 16.8A .6G5 1.46 .058 3.66 3.35 15.a7 2.ll1 17.90 2.69 
86.7 19.~ 43.;5 1.q5 17.79 .leG 2.37 .uQ3 tiJ.96 q.qe 45.91 6.67 52.20 7.57 ~24.6 50.? 1!7.35 ~.41 13.3~ .724 2.q~ .117 28.88 l&.lA 119.08 11.27 135.84 19.70 
231.3 S20w 147.17 5.79 19.u~ .750 S.b! .143 Ju.3J 27.57 122.61 11.78 14G.5q 20.39 
272.1 61.2 1S?Q9 7.~( 19.75 .71A 4.34 .171 3G.32 33.0& 1~~.2~ 20.92 166.30 24.12 2q4.~ 66.2 2G3.ZZ 3.0G ~o.o~ .7i9 4.62 .1~2 39.62 1&.06 156.19 22.6? 180.46 26.t1 
318.3 71.5 E3~.2~ g.D? 20.71 .816 5.30 .Z09 43.56 39.64 168.7~ 24.~7 196.00 28.42 
351.1 7R.g 26~.Jl 13.45 Zt.lA .~l. 5.77 .221 4B.&2 44.2~ 186.15 21.30 217.~1 31~47 
315.13 alt.:' 2Aq.H !1.39 21.2:. .dl6 5.82' .12q 52.07 ,.'.38 199 • .,15 28.87 232.1& 33.67 
388., 87.~ 3~2.RJ ll.q2 21.3J .839 5.88 .232 53.91 ~q.o~ 205.82 29.35 2~C.15 34.83 
"' ... ~i 
.!tc"> 
81"" 
_!iii 
,.. ... 
i§1 
",c"> 
E~ 
,!! 
;!~ 
I!l.,. 
a 
§i 
"TI 
Z 
l> 
.-
:II 
m 
C! 
~ 
'II 
i' 
, !-
!' 
.:: 
, 
,'-J 
., 
j 
f: 
.\ 
,; 
,';; 
-'; 
'::.1, 
412.13 ~2.7 335.36 11.2~ 21.75 .8136 6.33 .249 ,7.91 52.71 218.&8 31.7:. 2Cjf,.0E) 31.1! 
1126.:' :)5.q 3f.:!.tn 1.4.;'9 Z2.lt~ ."'64 7.04 .Z11 &a.81) liS.lt1 ~26.03 32.78 266.16 38.60 :~: 
Lt37.R 98.11 388.&4 15.311 23.13" .911 7.72 .3Q4 63.51 57.BC 232.09 33.Eft 27c...1& 3'3.85 -iJ 4~b.d IJ~.:' 411.19 16.22 !3.r~ .q3& S.3E .]29 65.76 59.85 236.67 !~.J5 ZA1.85 40.87 :; 
451.6 IJ1.5 It?lj.g~ 16.77 ?It.l9 .Q5Z £1,.11 .345 67.U8 61.011 239.40 34.12 285.81 41.4; }I· 
ltS6.~ 11l2.7 4107-.)5 17.61 24.9? .qal ~.Sti .37" 66.'9& 62.7f:. 242.23 35.1l 290.89 4c.18 " 462.~ 10l.~ 46E.ql :d.!B 2,.52 l.~~5 lJ.l; .39a 71.&7 64.31 2~5.G7 35.54 295.73 ~2.89 ',' 
46&.4 1~4.q 48_ •• ? lQ.:6 !6.J7 1.:Z~ 1~.65 .~19 72.12 65.&3 241.26 35.86 ZQ9.71 43.46 ~ 
413.5 1J6.~ "I '!.'3F< 2J.'~ 26.Q" 1.;'62 11.56 .455 7ft.59 S7.8d 251.02 3&.~iJ 3iJ6.55 44.4$ C ~l 
415.8 1;)7 • .:1 ';-2Q.23 .?O.'H ~1.5J 1.C~r. 12.11 .~77 75.77 !)S.Q6 252.26 3E.t;II 309.'-lt "4.B7 n ~ t) 
1t77.0 1J7.2 ~3f;.56 21.1, 27.7Q 1.':~4 12.37 .'t87 76.34 69.fta 252.87 36.61 31~.85 4S.08 2. n ,:-11 479.5 tH.!! ~h!.4': 22.1(; 28.75 1.13Z 13.33 .525 7d.l!! 71.15 25,..18 3&.8& :!1".97 45.68 iii ; ::,l 
!td2.1t IJ~.5 5~l.31 2~.2~ 29.di 1.177 14.47 .S7U SO.3S 7].1! 255.75 37.09 319.q3 46.39 ~~ j iJ 
"85.4 lLlq.l t-Z'j.:.-=t lft.b; 31.2) 1.22£1 15.13 .621 ti·~.7i 75.1lt 257.31 31.11 325.47 111.20 co__ ~~~. I 486.10 IdQ.fI 01,9.27 25.51 !1.9J 1.2:;":. lb.:''' .649 6".3" 10.7E 258.9[; 31.li4 329.114 41.77':Hl :J t~ 1088.'3 lr.g.Q b72.4~ 2E.4P 32.92 1.?96 17.5': .61'9 85.94 1a.21 259.18 31.58 3l2.69 4JJ.25 " ,~" - 119£i.C 11 .... 2 f-qq.S3 27.C;~ 33.::'7 1.~37 ill.55 .B,j 87.&8 79.7q Z'i9.78 37.1&7 3]6.,2 Its.80 : _;,:;. I 49G.;: 111!.2 71Q.4f; :'11,.33 34.tH l.!?l 19.ft2 .7011 8S.93 ~1I.93 25~.74 37.61 339.02 49.16 -~, 
f;} \ :.~ 
~ , . l.';'\it&V';f'4'JiJi'F"";"~';;'£lI.~,fui:it;.;';!'''';''~.Ei~''''''~'';.'I;;;;:"""''''ii'.;~~''~f"': ,;,.:;~;,&;;;.,o'=i"';;.::;;';'~'" ;.h "",J.:",,,,:,;;;~,,,,, s,,·;,':;' ,,,,,,I·',"i':;':8"'··'i;'"~"'@i.i "4',f"Ji·',;,,,· ',," ··;"··"ariii"<'·· ". y\' .. i."'~'"" j J 
~» 
c' 
c' 
~') 
" p {i ~ 
~;.i 
l\ 
~,--
~~' 
:1:",. 
~l" 
.J' 
~E ~Jr 
"-'" [15 
~Z: 
<1' 
r~: 
!~s .. 
'It (':: 
~i.-
I 
! , 
!4::;?:;J!::,::~~rr:i;f;":A-llR!?tm"r:,tml>.;"~'m:=m-:r-_~_~. __ ~ 
I 
~ 
~ 
II 
II 
III 
i 
E 
I: 
:! 
U 
i 
I 
~ 
~ 
• 
= •'4 
n 
I 
..... 
N 
l!J.\O KN KIP::; 
u.G 
86.5 
98.8 
111.0 
120.1 
122.8 
12&.2 
128.1 
128. t 
129.3 
o • , 
lq.5 
22.2 
25.J 
27.~ 
27.b 
28.4 
28.3 
28.8 
ZQ.l 
KN 
LOA') 
f.IP:i 
o.~ 
15".; 
176.5 
197.1 
203. ,. 
213.2 
213.6 
215.5 
21S.1t 
215.7 
;:.. J 
3lt. '1 
39.7 
!ott. 3 
"5.7 47 oJ 
4!"!. : 
.. 1\.4 
r,B .It 
4'i.') 
((MAlO 
cau 
~-1 1111 E- 3' IN 
). 0 ~ c ... C 
12~.5A to. B7 
:.ltZ.H 5.62 
16':.3Q 6.!q 
17·h27 7.0)2 
1~7.7fl 7.39 
'!97.6Q 7.7q 
2J4.22 II.': It 
21E:.i1 A. 'i1 
231.93 Q. t 3 
I( (HAY) 
coo 
l-~ .. .., ~-3 Itl 
~ J: q~ 
b'1.l\~ 
!\1 .. ~1 
A7. Rg Q:.Z2 
1~1.?2 
li)a.I'lJ 
!-1'1.&1 
::.hd., 
:. : .: 
:!.lor. 
2.75 
'!. 2!: 
3.4~ 
3.'17 
4. J 0 
1..2Q 
4.r-.7 
~. ! 1 
SPfCII'1EN NUHeE~1 4lLC'tl 
ORIENTATION. CONSTRAINTS 
TEST TEHPERATUPEI 
SPECIMEN THICKNESSI 
OURIN~ PRECAACKINGt 
A~HAlF CRAG lEt>GTH 
HH I~ 
44.31 1. 7lt~ 
4lt.3CJ 1. 74~ 
44.71 1.7&3 
45.1'3 1.77Q 
45.70 1.7·B 
4&.711 1.134~ 
"7.7J 1.878 
4~.lJ 1.9J2 
Stl.4 !\ 1. q87 
1j2.g4 Z.C8t1 
SPECIMEN NU~~~qt 
AllOVt 
OfHENUTIOtu 
CO~STqAINTI 
TEST TEMPE~4TUREI 
SPECI~EN T~TCKN£)SI 
!JU~It..IG PRECRACKTtIGI 
A,HALf 
C"'ACK LENGP-I 
"'.., I~ 
12. ·H 
12. -3 q 
13. oJ S 
U.5CJ 
1~.17 
14.,2 
15.56 
1£,.46 
17 .::11 
2:;.23 
.5 .... 
.511 
.514 
.53ft 
.55 'I 
• CJ72 
.613 
.&4:) 
.7: ;, 
.1q& 
.• _. ________ ~ ___________________ .. "'-' -"I 
TABLE C5-1l 
12. U6 MPA SQQT un ( 
21jD-tT4 
2021t-T8&1 
TRANSVE ,.SE 
UN'iTIFFEt\ED 
1lt4.~ K 
6 • .5~ "" ... (.250 INl 
1~.q1 KSI SQRT(IN)' 
STQESS 
DEL TA A STqESS InTENSITY fULl. SECTION NET -SECTION 
HH IN MFA SORT (11) KSI SQRT (IN) "PI 1(51 t1PA ICSI 
0.00 0.000 •• to !i.OO (i.01i O.\!"" 0.00 0.00 
.t8 • Cli 3 18.':& 1&."4 "5.69 'I.6J 6S.{!Q 9.4" 
••• • ,il8 2"".13 1!!.66 52·16 1.50 
7 •• ,7 1.).81 
.88 .035 23.«.1 ~1.32 58.63 8.~a 8,..15 12.20 
1.39 .C55 25.;2 23.23 &3 ... 2 9.20 91.47 13.27 
2."7 .GIJ7 26.48 24.10 6,..8,. 9.lta 9".;1 15.71 3.39 .13,. 27.56 21j.J6 &&.64 9.&. 98.02 1".21 
!.Cjq .157 26.21 25.67 67.67 9.81 1CO.13 1,..52 
&.1& .243 29.02 2'i."1 67.66 9.!Jl 1il2.31 14.84 
8.53 .336 3,.19 21.lt8 65.28 9.9G 1015.50 15.34 
TABLE C5-12 
20.71 "PA SORT(HI ( 
25,' 311 
2024'" A&1 
TP.ANSVERSE 
UN'STIFfENEO 
144.J I( 
6.1~ H" (.242 IN' 
18.8~ KSI SOP-T(IN" 
DELTA 1I 
M" IN 
...: ... -' .. 
.. .i'~ 
dlOj-
.;9 
~:. 21 
1.55 
2.59 
3.51 
'+.9'+ 
7.26 
C.CGJ 
.0 C !l 
• DO 3 
.023 
.Jlt.8 
.061 
.1112 
.138 
.1 ql§ 
• llt& 
STRESS INTENSITY 
"FA SaRT(H' KSI SQ~T(tN' 
O.;jJ 
17.24 
1:).63 
22.34 
23.59 
24.69 
25.95 
27.(jiJ 
28.1.1 
301.06 
a.:HI 
15.&9 
17.86 
2:.33 21.,-1 
22.47 
21.65 
24.S7 
~'.&lt. 2T.35 
STRESS 
FULL SECTION NET SECTION 
"PA ~SI "PI KSI 
u.OG 
~·4.98 
96.50 
lD7.74 
111.19 
U4.93 
11&.76 
117.79 
117.13 
117.89 
O.Oll 
12.32 
13.C)Q 
is.62 
1S.12 
16.61 
1&.93 
11. ]!I 
17.a1 
17. til 
6.'30 
93.38 
1!P.i.16 
118.S2 
tZ2.1!8 
127.34 
130. :57 
132.4t3 
133.81 
136.41 
0.00 
1.1.50 
15.3" 17.t9 
17.82-
18.'" 18.q1 
19.21 
19.40 
19.78 
NO"" !!~ 
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8: 2 
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o!ll 
=~ 
§i 
!i!j Itn 
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,~ 
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._'i 
" I":~ 
!; 
';1 
,~ j 
'.j 
" :~ 
.~~ 
:~ 
-J } , 
.~ 
:,j 
,1' 
'1 
!i 
'i 
'j , 
1 '~1 
-'-~ 
. ,~ 
')~ 
:j 
:j 
:~ 
'I 
;l 
J 
~~ ~ ~ ~ 
;;',.".,."" '>,. " ,,----_.--" .~ 
""'"' 4";·N,i·.··'i,;1;~~~.;..;i.,"',ii"'''''"di;;c;I~''''"'~.i;,i''''"'''';.''',,);;;"'.0;i;,."·""'~;k",.J;";,'"'~:""ib'~,J~"'!:.;.,,''"''lJ'£a,''':id''''"""J"'i'','~>G,');;;il;;::'M.",:i.:",.;)i;;~~-",~""""'U~,"',~"".", . ;''''f''';., , ".,,;,.,,' ,j 
I 
I" 
g 
~ 
~ 
II 
!II 
~ 
o 
E 
I: 
:! ~ 
i 
~ 
~ 
~ 
• 
C 
!II 
'4 
n , 
..... 
w 
L Clio!) 
KIl KIPS 
0.0 D." 117.0 26.3 
2&4.1 59.4 
267.10 olt. b 
315.5 7il.CJ 
324.1 72. q 
32:9.£ 74. Ii 
335.7 7:;. '5 
338.1 16 • .:. 
344.6 17.~ 
352.1 79. <: 
355.1 7'3.8 
35E..3 BC.l 
LonD 
Kill KIPS 
O.C 
87.'1 
t(J4.6 
114.7 
126.2 
135.1 
135.5 
Ittl.7 
142.2 
11t5.( 
150. " 11)0.4 
1510.1 
154.1 
D.':' 
lQ.7 
23.,. 
25. '! 
2"1.4 
30 ... 
3C.S Sl.g 
12. : 
32 • f~ 
33. t:I 
33. !} 
310. U 
34. b 
..:: (~nx) 
CO'} 
E.- ~ M"i E- J HI 
• ,C C.:.C , ... .f!C 
" 
. ., 1.% 
-
.7S 2.15 
0 • -::1 2:.43 
F. .84 Z.f-3 
7 .47 2.A5 
7 .7: :!.:.e. 
; 
.51 ~. 21) 
• .;4 3 .... 1 q • J~ 3.71) 
' - .Sq 3. 'lC 
:- j ... J 4. t ~ 
t' (,...11.)1') 
ceo 
t.-~ '1:1 :::-~ n' 
.j. j il 
l=J.';IZ 
It 1. "5 
5':.(:1} 
7 i. (.1 
":11. :;'1 
g3.!1 
]~.;2 ~ ~ .. ~ 
A" • 7.: 
?lj.!!. 
2~.i\lo 
3i: d: 
~1.1>\ 
O.GC 
Ii. 7'i. 
S.Eoe:. 
f:.2g 
7. 'J" 
1. ='2 
7.I)C 
i.:! 1 
~. i" 
~.3C 
1!. ~ 1 
g •• 1 
q. n 
:1. '3: 
SP~r.IHEN NUM~Eql 
ALLon 
OP.IE~TATION' 
CONSTI</AItiTI 
TiST T£~PED~TuqE; 
5PECIHE~ THICKNESSI 
~U~IN~ PRECRACKINGI 
IIo,H.II.LF 
C~AGK LENGT+i 
"" 
I~~ 
5.31 .211 
6. J7 .23 ') 
&.41 .251 
&.lt~ .2510 
~.i5 .255 
&.~H .272 
7.37 .2~~ 
7.7J .3illj, 
~ .1 4 • 321 8.35 .32-l 
!\.'B .3510 
9.3Cf • :':7J 9.76 • ~61o 
SPECIMEN NU"1BE~: ALLeva 
ORIENTATIONS 
CONSTRAHjTI 
TEST TEHPERATu~EI 
SPECIMEN TI-IICKUESSI 
OUP.tN::; PFlECQACKING= 
Q,HAlF' 
CRACK LENi,r", 
11"'1 IN 
4li.q7 
40.9'\ 
41.12 
4-1.56 
41.Qb 
1j,2.J ~ 
~2. 2 D 
lo2.'» 
:'2.8i 
.. 2.34 
43.'32 
44.54 
44.1-=1 
:.5. '5] 
1. H3 
1. f:l ~ 
1.S1g 
1.636 
t. E:52 
1.~55 
1.604 
1.U3 
1.6d7 
1. ~!Jl 
1.725 
:.751' 
1.7b7 
1. nJ 
TABLE C5-13 
:?5i-1TZ 
202ft-Tt~&1 
T~ANSV£f;SE 
UNSTIFFEt.ED 
144.) I{ 
o.~7 Hf"'I 1.251 IN' 
13.4) t'P.II. SORTIM' ( 12.1!J KSI Stl?TlIN)) 
STQESS 
5T~ESS INt( N'lrTY O::l Tl& A 
"" 
IN t1 FA SQIH nH <51 5<1"T (IN) 
£, • (i ~ O.GO;,j J.JLl J.oe 
.70 .:28 8.52 7.76 
1.': Ij, .01j,1 113.76 17. 'l'9 
1 • .:7 .C,t.2 .21.55 19.6~ 
1.1Q • 041 2.3.63 Zl.7~ 1.54 • riel 25.19 2Z.92 2.": • H9 26.4) Z4.:;3 2.36 .. J93 ;?7 .. 59 25.11 
2.77 .1 J I:! 21:S.52 25.96 
z.gl': .117 2'1.47 2[..52 
3.62 .143 ~1.24 26.4:! 
4.':'2 .15 !I '32. (: 0) Zg.'3\. 
4.3Q .113 :!2.91j zg.qa 
TABLE C5-14 
25j"2T8 
2024-TeGl 
TRANSVEf:SE 
UNSTIFFE"'Et) 
294.0 K 
&.3~ MH 1.252 INI 
14.~E HP4 SORT(H, ( 12.8) K$I SaRTnN)) 
FULL SECTION NET SECTIOf\ 
HPn .S1 HPA KSI 
a.oo D. CJ O.Dil G.GD 
&1.64 6. ~,. 64.2:6 9.32 
139.09 2U.11 145.34 21.06 
151.35 21.95 158.16 22.94 
166.19 24.H 113.a~ 2S.21 
l1il.69 24.75 178.99 25.96 
173.25 25.12 15Z.Zf:I 26.43 
17&.16 25.64 18&.45 27.il4 
176.05 25.92 16B.34 27.31 
lBl.5C) 26.33 11):!.31 27.90 
165.43 26.69 197.33 28.&2 
IH. ill 21.12 199.&0 26.9" 
187.65 27.21 2ao. !lJ 29.12 
STRESS 
DEL T A 4 STRESS JNTE NSITY FtJLL SECTIO~ HPA KSI 
NET SECTION 
HPn K51 MM It, HF4 saRT (H' KSI SQ~T (un 
a.IiD G. G;] i] D.UD 0.00 il.OO C. OJ D. CD 0.00 
.01 • ~~ j 17.3& lS.Be lt6.11 &.69 63.59 3.22 
.::,; 
• CJ 6 ze.71 la.8it 54.95 1.96 75. !hJ lil.99 
.5. .n3 22.86 2().8\i 6l.20 8.73 1J3.r.7 12.10 
.9Q .039 25.31 21.03 f&.28 ~ ~ 61 92.23 13.38 
l.t£: • D4 2 27.11 lit.67 7il.93 10.29 98.17 1,..32 1.2'9 .051 27.:!il ~4.84 71.19 10.32 99.35 14.41 
1.53 • )6:1 2:~.64 26.'J6 7".42 10.7Q 104.·)~ 1 ~.10 1.88 • J74 23.do 26.Zj} 1!t.G8 U.S1 lil4.6J 15.20 1.g7 .076 2Q.47 26 .. 1J2 7&.10 11.)4 lL.&.~q 15.50 
2.85 .112 3'; .go 28.17 78.SU; 11."5 111.82 1&.22 
3.57 • ttt: 31.27 Z,\.1oo 78.CJ6 11.1j,5 112.G~ 16.33 3. g2 .1C:;4 32.2'- ZQ.30 60.91 11.13 115.1& 16.79 
4.Sf • u~ ~ 32.l..q 2Q.57 8L1.ql 11.73 11~.ltq If. Be:! 
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~ ~ 
~ d-~~ 
~i.. 
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'J~ l": ~i;! 
'it ~1 
~!: 
~1: 
0( (!":l.X 1 
COl 
f - l ,~"'4 :;-3 HI 
" 
, :. : (; 
f,\. , 3.1.7 , ... i 1.73 
: 1. 7 ?ge 
:..!. <; 14.t.6 
17. 1 10. ~1 
23. 7 r.. g!l 
31. J 5.1( 
3q. 1 <;.4!!. 
... ;:. 7 :;. 7 ~ 
51. ";. '17 
SPi:CIHE'l tHJ'19E.:'1 
.1LLOV: 
ORl~rHATIOIa 
COllSHA!r-T: 
EST T£"I~£.;IATu:;'~1 
:PEC TM€N T H TGI'; uS, S<; I 
ou""rflr.. Pr:(ECRACI(Ir~GI 
At HA L!= 
GRACK LEtl(,TH 
"" 
PI 
15.1q .:;q!l 
15.2 1 .fJj 
1S.21t .5:J ,: 
1~.87 • £:25 
16.3& .6'.4 i.e. :.; 7 .SS2 
16.11 • ell(! 
17_? 1 _~77 
TABLE C5-15 
2;).57 "!PA <;;QPTIMt ( 
2SJ-2T7 
2::24-T8&1 
HIANSVERSE 
U"STlffEr.ED 
29~.0 K 
6.18 H~ t.251 IN) 
18.72 KSI Sa~T(IN" 
STRESS 
D[L fA A STRESS INTEt.SITv FULL SECTION tlET SECTI(!~ 
H" I" HP.o. SORT (l-i) teSI '.j'1RT {DU MPA KSt HPA KS I 
c. C. ~ :. J u C G. t!j a.:::::: J. 3 (j G. uD o.!!~ !I.tlll 
.'" • iJ 11 2 21.54 !'l.6!l ~7.83 14.19 108.9& 15.6Q 
.t.15 • ;. J 2 23.3q 21.01 1 il't. 66 15.21 116.79 l6.9ft .. , oll27 24.11 ?! .9ft 117.2'+ 15.55 120.i)11 17."0 
1.17 
• ~"6 26.52 24.1~ :.16.12 16.64 130.43 18.Cll ;0..':8 .0;4 27 .lf~ Zt..71 116.22 17.14 132.99 1'1.29 
1.58 • G6 2 20.55 Z5.9g 123.44 17.90 139.C6 20.17 2.0Z .il79 29.79 27.11 127.12 18.43 143.69 2e.8" 
2.72 • 1G 7 33.9] 25.' 5 129.25 18.74 146.a9 21.30 3.31 .13 C 31.79 ZS.Y2 1J~.59 18.94 1"9.J9 21.E2 
4.C4 .15 q 32.I".ft 29.52 130.65 18.95 149.98 21.7S 
"'''' ~$! 
~n 
",,-4 
",<= 
-'" :zorn 
~~ 
",n ;::;~ 
... z ~~ 
~g 
;! 
~ 
'" 
f 
r 
.. ~ 
,:J, ~ 
,'~ 
' .. j 
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,~ 
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It 
'I :'~ 
"~ 
.\1' 
yj 
':~ 
~,-~'t 
I 
~ 
n 
I 
~ 
.. 
Q 
0 
~ 
.. 
~ 
1/1 
~ 
1/1 
i ("') I ..... 
E '" 
c: 
~ 
1\ 
1/1 
1\ 
0 
~ 
! 
~ 
~ 
• 
~ 
loll 
'4 
it 
LeA:) 
KN ~lPS 
•• J 
71 ... 2 
138.': 
196.fI 
246.5 
266.1 
217.1 
286.9 
291.8 
292.4 
2~4.c;! 
290.!.:i 
lellO 
a ... 
1&.7 
31 ... 
~ft.2: 
'55.4 
:;;9.'1 
62.3 
bft.5 
6'5.5 
65.1 
6j:,.3 
&5.3 
KN KIPS 
D.D 
;3.13 
11il.3 
15q.~ 
198 .. 5 
239.G 
278.2 
307 .. 7 
326.1 
342.0 
3&4.1 
370. :! 
370.3 
372.6 
o. :; 
12.1 
2ft..d 
35 .. M 
44.t:J 
53.7 
62 .. 6 
eg.2 
73.j 
7b. g 
81.9 
83.2 
83.2 
83. a 
I( I HI\):, 
CGq 
[-~ ~'1 £-1 ttJ 
: .. Jl: 
l-jIl ... J 
~~!t. 7~ 
;, ~ 1\. :? .. 
4Ije.::!? 
104~.H 
48:' .. 3~ 
517.31 
'53~.13 
55:1.":1 
')'1" .. .J 1 
f· 32.31 
C01 
i~:·;* 
e .. C"b 
l2.13 
Ib.':'2 
17 .. 53 
18.=15 
2::: .. 37 
? 1. C :3 
21.'H 
2!. 3"J 
24.!:P~ 
t: [HAX) 
(-3 1'1'1 ~-1 p.; 
. "' ) • '14 
9 .78 
3 .7"'-
:I .7;' 
.. • ~ Ii 
Q .11 
3 • d 2 
., ... 1 
1 .? 't 
7 .. E.d 
1 .3t; 
:; 057 
.J .;5 
J .. ~ [. 
1.37 
1.S? 
S."~ 
7.15 
!:J.St; 
1 1. 7;. 
:~.?2 
1 It .. 74 
1 E. 4[: 
1 '1. E 1 
:2).13 
21.7Q 
(' ". ,; 1 
SPECIHEN NUHR£~f 
AllOH 
rJRtErlTtl.TloNI 
CON'SHAINTI 
TEST TEMPEPA1UuSC 
SPECI~EN THICKNESS' 
DURIN;; PQECRACI(ING: 
CR4~~H~~~GTH 
11M H' 
"'1.57 
t.2.25 
1.2.4 It 
t.3.~) 
4,. ~6 
t.5.Z& 
It'). It It 
t.7.&S 
Ita.l? 
Itq.7l 
:;1.71 
54.85 
1.636 
1.E{'3 
1.671 
1.721t 
1.774 
1.792 
1.628 
1. '176 
1.6q5 
1. ClS 7 
2. (;3 7 
2.1& iJ 
SP~CIM€.l~ UU1'!~t.P.' 
ALLOYI 
ORrENTATIO~u 
CO,",STR.4JNT1 
TEST TE.!1PERATuQEI 
SP~CIME,", THICK~€.S51 
cu~rf~:; PPECRACtc:INGI 
~tHALf 
C~ACK LENGTH 
MM IN 
18. B 
Z'J. L fI 
25.1q 
~f).fj.7 
27.2& 
Zq. of 3 
3;J.5Z 
~Ij. 7 .. 
31. ~n: 
33.2; 
3".75 
l6.51t 
39.U 
42. U 
• 71t .. 
.794 
.CjQ2 
1.j42 
1. 073 
1.15q 
1.2:2 
1. ! J C) 
1.253 
1.31{. 
1. !6f1 
.:..438 
1.~3q 
1. E5 7 
________________________ .... w • .mR 
T ABL'EC 5-17 
2%-2T3 
2024-T8&1 
TRAN'iVE "SE 
UNSTIFFEt.Eil 
45il.C I( 
b.ltu 11M (.252 IN) 
22.17 MPA SQRffH) ( 20.17 KSI SQRHtN») 
STRESS 
O€.L Til A STRESS I~TENSITY FULL SECTION NET SECTION HP4 KSI MPA kSI 
"M IN MFA S'1RT {HI KSI seRT C IN' 
t.DO O.3Cii 0.00 
.6' .::27 14.94 
.67 .Ll" 27.85 
2.23 • ~e8 "u.51 
3."Q .137 51.62 
3.69 .145 5S.e'} 
It.a7 .l'l2 59.15 
& • .:~ .24 a 62.25 
0.56 .25" 63.71 8.1l • 12tJ 65.18 10 .11 .4~ ,; 67.'+Q 13.2q .523 69.1e; 
TABLE CS-18 
23.1Y MPA saRff H) , 
Q.Jil J. DC 13.5q 3B.1J6 
25.35 72.'+" 
35.85 103.3" 
46.96 129.40 
S •• 8" 139.70 53.83 1lt5.49 
56.£J'i 15J.6" H." 153.21 51.32 153.52 
61.,.2 15ft. ali 
6Z.Q7 1S2.53 
2SD-ZT12 
202t.-T861 
TRANSVE FSE 
mISTIFFENE!J 
4%.(; I( 
&.36 HH (.251 IN) 
21.GZ ~SI SORTtIN)' 
C .liO o. DO 0.00 
5.65 '5".38 7.89 
10.50 101.3'; 1".69 
14.qq 1,.6.38 21.23 
18.77 185.53 26.91 
20.26 200.6e) 29.10 
21.10 211.ttl 30.66 
21.8" 221.1,;1 32.12 22.22 226.34 32.82 
22.2& 230.'+0 3'3.ft1 22.,.5 237.19 3' .... 0 
22.12 241.47 3'5.02 
STRESS 
ilfL TA A STRESS INJE NSITY FUll SECTION NET SECTION 
MM IN t1FA SeRl(M) K5J SaRT (IN) MPA <51 MPO 051 
C.OLl O.GOil 0.00 G.(j~ J. 0 0 o. :::a 0.00 0.00 
1.28 • ;:'S ~ 7.24 6.59 28.45 4.13 32.'l1 ".71 f:a.:?~ .248 16.61 15.17 58.2D IJ ./t4 70.05 10.1E 
7.58 .29a 2,..73 22.1i 0 84.07 12.19 10, 125 14.83 
:!..36 .329 31.30 28.4g 104.77 15.19 128.24 IIJ.60 
U.S3 .415 3lJ.29 '35.16 126. :'2 lA.ZQ 157.18 22.79 
11.62 .455 /t6.&7 lt2.It 7 146.82 21.29 184.6& 26.78 
11.8J .465 51.77 41.1? 162.35 23.54 2e,..1j0 29.66 12.9/t .,a9 55.9q 50.95 172. iJ6 24.95 218.!:!J 31.73 14.36 .5'S6 6D.19 ;4.78 1111.48 26.17 232.37 33.70 
1S.85 .624 65.&9 59.76 1q2:.13 27.8& 250.59 3E.3'" 17.64 .694 68.75 62.S7 195.36 28.33 258.88 37.5'" 
2~. 2CJ .7'35 71.53 6t;.1U 195.40 28.l4 2&".9" 36."2 23.2") .913 75.27 66.50 19£:.71 211.53 274.22 39.77 
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Q 
0 
l KN 
l .. ( ~ 13. ,. 192. '+ 
I" 195.5 
Q 271.1') 104.1 
0 3117.7 314.1 c: 412.ft 
II ltlt2.? 
I" 4&7.7 
~ 487.r, 493.6 II! 497.£1 
" 
SI).).1 
500.r, 
II! SiJG.S 
i ;11.6 51b.0 " 517.4 I 518.3 
~ ...., 518.6 '" Ij1g.5 
c: 519.8 
:! 
I') 
II! 
I') 
0 
~ 
~ 
l 
'( 
~ 
II! 
'I 
LQAD 
KIP .... 
.. , 
3.ii 
.. 3. ) 
1t:!.3 
61.:' 
68.4 
&g.~ 
84.1 
c:I,?7 
99.1t 
105.1 
10q.~ 
111. J 
111 • .J 
113.2 
112.5 
tl3.oJ 
115. j 
116. ,; 
116.3 
116.5 
1tF! 06 
116. ~ 
116. ~ 
VeM""X) 
ee1 
E-3 ~~ £-3 IN 
J ... .:: 
4.:1 
6'::.3 .. 
b 7 • !::I 0 
H~. 27 
117.22 
12~.47 
153.31 
197.1'1 
22l.~7 
24::.~1 
'277.7~ 
~~~.61 
.l.wog? 
Hl.21i 
H!.54 
3'22.51 
;n~.4J 
3€.J'02'; 
37~.14 
~q~. % 
ltii4.cH 
!tle.l" 
£o3';.7U 
J • .:( 
.1L 
l.S7 
2. f,E, 
3.QS 
1t.f.2 
.;. 0 f: 
f. ~7 
?7F. 
B.7 Q 
~.d4 
! 0.93 
11. ::t6 
11. PC! 
12.25 
.~ 2. ~lo 
12. 7~ 
!1.3f. 
l~.le 
llf. 'H 
15.37 
15.94 
11;.38 
11).96 
$P::CI!1~N t.U'1Q£RI 
A LlOY I 
Qr.>IENTATIOIU 
CO'lSTR.AI!IlTl 
TEST TEMFERATUQEJ 
SPECI~€N T~ICK~ESSf 
OUPJN~ PRECPACKTNG' 
A HALf CRAC~ LENGTH 
H'1 I~l 
8.&S! .3:.2 
9.4il .370 
U.3!S .47iq 
to.,7 .HI) 
10.33 .4J~ 
11 .21 .442 
12.1! .47f1 
12.,=t ,,4Q6 
12.9:1 .5'J6 
I3.c6 .1;22 
13.0? .537 
It..21 .I);:q 
14.41 .57(. 
14.::I} .Si\1l 
15.;j1 .594 
15.35 .f-04 
lS.4~ .€:a~ 
16.tlll .e3G 
16.7'Z .€:;8 
17.36 .on 
17.~t. .706 
18.57 .731 
19.BiJ .7t.1\ 
19'.fd .773 
TABLE C5-19 
250- 4T:1 
2DZCt-T661 
TRANSIJEfiSE 
UNSTIFFEf\€O 
45J.:1 I( 
5.28 MH (.Z47 IN. 
l6.5e MPA SQRT Of) ( 15.02 ~st SQQT(IN») 
STRESS CELTA !I. STPESS INTEN~ITY FULL SECTION NET SECTION 
MM IN MFA saRT (11) KS1 saQTUrd HPA 1(5 I "P' <sr 
u. OJ} !;.OCI1 J.G!] O.O~ 0.00 Il.ail 0.'30 IJ. DO 
.12 • [';28 1.24 1.12 7.17 1.13 .. 7.f5 1.11 1.69 .067 18.59 16.132 1aZ.68 1,..fl9 !i1j.36 16.a3 
1.8d • ':;7" l'3.C& 17.35 113".30 15.13 112.26 16.28 2.2" .068 26.96 24.5'3 1"5.02 21.03 156.48 22.6t3 2.54 • 10 tl 30.58 27.63 162.26 23.53 175.47 25.45 3.44 .136 32.17 2CJ.28 16".16 23.81 178.69 25.CJl 3.91 .15,. 39.67 36.2'6 199.60 28.94 218.00 31.ft 
4.21 .166 4~. '5 tl 4j.49 223.05 31.91 2EtO.66 3".93 4.57 .1f1.G 46.36 44.03 235.94 3r..22 258.95 37.55 
4.9& .195 51.94 47.26 249.54 36.n 274.66 39.83 5.,2 .217 5;.27 ;0.30 2&0.18 37.13 267.S6 41.70 
5.79 .226 5&.48 51.4'; 263.39 38.20 2eU.6C) .. 2.30 b.24 .Z .. 6 57.81 'i2.Sf, 265.63 38.t;2 295.16 "2.80 &.40 .252 58.S6 53.511 268.18 38.96 2CJ3.02 .. 3.36 6.6& .262 5q. 0 3 53.72 l61.11 31\.14 297.7" 4!.18 6.79 .267 59.9::1 54.59 270.26 39.19 3&1.55 1t3.73 
7.32 • 296 61.64 55.1iJ 272.98 39.SQ 3t5.79 ".3~ 8.1:4 .316 63.5q 57.67 275.32 39.93 3UI. DB "4.9 8.67 .341 60S. (j Q 59.16 27f.1£I 40.0" '312.44 "5.31 
3.25 • 364 66.23 liO~ ZR 27&.56 40.11 31".3& 45.59 9.88 .369 67.46 61.4': 276.70 40.13 316.J3 "5.83 
1C .32 .''£is 68.41 &2.2E- 217.21 40.20 317.67 "6.07 10.94 .431 69.6ij 63.3" 277.3" 40.22 319.35 46.31 
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FINAL REPORT ';~ 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
140 
120 
100 
Stress 
BO 
Intensity, 
MPa rm-
60 
40 
20 
0 
Crack Extens i on, lIa, inch 
0 0.5 1.0 1.5 
o 250-1L2 
o 250-2L3 
a 250-2L4 
0 
0 
~ a 
, 
, 
B.O 16.0 24.0 32.0 40.0 
Crack Extension, 6a, mm 
Thickness: 6.36 mm (.250 inch) 
Orientation: Longitudinal 
Temperature: 144°K (-200°F) 
CRACK GROWTH RESISTANCE CURVE ':OR 2024-TB61 
C-77 
120 
100 
BO 
60 
40 
20 
4B.0 n 
MCDONNELL DOUGLAS AST.ONAU .... CS COMPAN¥. EASY' 
MDC EI1S3 
OclolJe, 1974 
Stress 
Intensity, 
ksi !-fO 
FIGURE C5-1 
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FRACTURE MECHANICS DATA FDR 
21124-T861 AND 2124-T851 
o 
140 
120 
100 
80 
Stress 
Intensi ty, 
MPa viii-
60 
40 
FINAL REPORT 
Crack Extension, fia, inch 
0.5 1.0 
o 250-1T2 
• 250-3Tl 
o 150-1T4 
1.5 
120 
100 
80 
60 
40 
20 
o +---~8l-:. 0:----::-1 6:::-'.'-;;0---;;-24;-\.-;;-0----;;;-132 . 0-----::4-='0 .1-::0---::4::48 . 0 o 
Crack Extension, ba, mm 
Thickness: 6.35 mm (.250 inch) 
Orientation: Transverse 
Temperature: 144°K (-200°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-78 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANV· EAST 
MDC El153 
October 1974 
Stress 
Intensity, 
ksi /ii1 
FIGURE C5-2 
FIN.AL REPORT 
FRACTURE MECHANICS DATA FOR 
21ll4-T861 AND 2124-T851 
MDC EIl53 
October 1974 
Stress 
Intensity, 
MPa rm-
140 
120 
100 
BO 
60 
o 
Crack Extension, aa, inch 
0.5 1.0 
o 250-4Ll 
• 250-3L4 
o 250-3L6 
1.5 
120 
100 
BO 
Stress 
Intensity, 
60 ksi Iii1 
40 
20 
o ~--~~--~~--~~--~~--~~--~~ 0 B.O 16.0 24.0 32.0 40.0 4B.0 
Crack Extension, Aa, mm 
Thickness. 6.35 mm (.250 inch) 
Orientation: Longitudinal 
Temperature: 29BoK (70°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
C-79 
MCDONNEl.L DOUGLAS ASTRONAUTICS CGMPAlVtf. EAST 
FIGURE C5-3 
I . 
'C 
FINAL REPORT 
FRACTURI: MECHANICS DATA FOR 
2024-TP,61 AND 2124-TBSI 
Stress 
Intensity, 
MP a rm-
140 
120 
100 
SO 
60 
40 
o 
Crack Extension, ~a, inch 
0.5 1.0 
o 250-1T6 
• 250-2T7 
o 250-2T8 
1.5 
20'( 
o S.o 16.0 24.0 32.0 40.0 
Crack Extension, 6a, mm 
Thickness: 6.35 mm (.250 inch) 
Orientation: Transverse 
Temperature: 29soK (70°F) 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TB61 
C-SO 
120 
100 
SO 
60 
40 
20 
n 4S.0 
MCDONNEL.L DOUGL.AS ASTRONAUTICS COMPANY. EA'sr 
Moe El153 
Oetaller1974 
Stress 
Intensity, 
ksi /ill 
FIGURE C5-4 
FINAL REPORT 
FRACTURE MECHANICS DATA FOR 
21rl4-T861 AND 2124-T851 
Stress 
Intensi ty, 
MPa rm-
140 
120 
100 
80 
60 
40 
20 
0 
o 
0 
0 
0 
track Extension, ~a, inch 
0.5 
o 
o 
6 0 0 0 o 0 
o 1...,0 
d' 0 
o 
00 rf' 
o 00 
06 ,gO 
o 
o 0 
o 0 
o (', 
J 
0 
1.0 
o 250-3L12 
o 250-3L10 
o 250-3L8 
00 0 
0 
0 
0 
0 0 
0 
8.0 16.0 24.0 32.0 
Crack Extension, ~a, mm 
Thickness: 6.35 mm (.250 inch) 
Orientation: Longitudinal 
Temperature: 450 0 K (350°F) 
1.5 
40.0 
CRACK GROWTH RESISTANCE CURVE FOR 2024-T861 
C-81 
120 
100 
80 
MDC Ell53 
Oclolle,1974 
Stress 
Intensity, 
60 ks i .r;n 
40 
20 
n 48.0 
FIGURE C5-5 
MC~ONNE'-L DOUGLAS ASTRC:tNAUTICS COMPANV. EAST .. e 1 ~,S~· 
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FRACTURE MECHANICS DATA FOR 
21l24-T861 AND 2124-T851 
MDC EII53 
October 1914 
Stress 
Intensity, 
MPa rm-
Crack Extension, !la, inch 
o 140;-----~---------~----------+-------. 
0.5 1.0 1.5 
120 
100 
SO 
0'8/ 
60 oD/o 
o 0 
0 
0 
40 o 0 0 
0° 0 
0 0 
0 
20 § 
0 
0 
0 
0 
0 
~ 
0 
0 
0 
0 
o 2SD-4TS 
~ 2S0-2T12 
o 2S0-2T3 
120 
100 
so 
Stress 
Intensity, 
60 ks i Ifil 
40 
20 
o +----4--:----::-:+:-:---=-;+;:--;:-;:+;:---~+;;_-__;;:;1 0 S.O 16.0 24.0 32.0 40.0 4S.0 
Crack Extension, ua, mm 
Thickness: 6.35 mm (.250 inch) 
Orientation: Transverse 
CRACK GROWTH RESISTANCE CURVE FOR 2024-TS61 
C-S2 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. EAST 
FIGURE C5-6 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND ZI24-T851 
FINAL REPORT 
SECTION C6. FRACTURE TOUGHNESS TEST DATA 
FOR 6.35 mm (.250 INCH) THICK 2124-T851 
C-83 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. EAST 
MDC E\l53 
October 1914 
w 
,. 
\:. 
.' n:!r;~;::~l~~~~"!:tt1"~"""~"'tt;;"-~"''''~~;'''''J~".~"""""",''''''''''',,,,,,,,,_, ~'--""""~"~""""'"'""""'~'",;,"~. ~~~'~~:-::-<''''-.'''''''''''''''~'''':1~''~''''"''''''~'=-'''~~~L,:a::<::o:u:t,_"*,-" ... &:: ."im;;--,te""~l",.d,OO~,.' .. ~:~t,"'J~ t I 
Ii , 
~ 
'(. 
" iJ~ 
li" , 
~: 
ir:-~'.' £ 0, 
~::' 
!i I ,. ~, II 
la' a ~. 0 f,' .. ~c ~ 
,. ~ 
E "' ~: ,.~i ,. 
Ii II 
~' Q 
Specimen Tem"t'N· 
U\lIl\ber fure (t:.) 
1l1-253·Z '44 2ll·l'i6·2 '44 
Specimen Dimensions 
Orien- Thickness Width 
tation ~ 
'" 
om 
l 0.42 .2526 29.733 
l 6.41 .2524 29.596 
TABLE C6-1. 
Fracture Tou.Jhness Test Data for 2124-T851 Specimens 
16.35 mn (.250 lnch) thick) 
?recrad:: Precrack Failure 
length load Lo~d ;m ~ ;m kH Kip ,N Kip 
11. 706 88.37 3.48 164.5 37.0 332.5 74.7 
11.652 44.55 I. 75 222.4 50.0 492.6 110.7 
Full Section Crltica1 Stress 
Faj lure Stress Intensity t:c 
HP, ,,' HPaVTil Ksivln 
174.3 25.3 94.6 86.·1 
259.7 37.7 86.0 78.3 
Data 
Table Flgure 
N" 110. 
e6-2 C6-1 
e6-3 C6-1 
""'" ~sg 
l.n ~ .... 
..,c:: 
-'" 
.. m 
z'" am 
...,n 
;::OS 
... z 
l.c=; 
~'" !!la 
.. 
;;! 
;;J 
'" 
, ~, 
,:'1 
ij 
-·i 
"l 
;! 
.-J 
" ,~ 
:~~ 
"~ 
;) 
:~ 
.'~ 
:.; 
,~ 
,~, 
,~; 
"j 
:.~ 
1 ~ c: ~' CI AVG, ""j~. t' Zl2·2S)-2 294 6A2 .25l9 29.685 11.687 8!LO~ 3.50 151.2 34.0 385.2 86.6 202.0 29.3 100.0 91.0 [6-5 [6-3 :!! <j J'!'.. r.. 4L3·259-1 294 6.07 .2390 29.708 11.696 50.39 1.98 222.4 50.0 451.5 103.7 255.9 37.1 84,6 77.0 C6-6 [6-3 2 ,j 
5l5-259·\ '44 l 6.48 .2550 29.708 11.695 2B.fJ 1.13 30(,9 69.0 618.3 139.0 321.4 46.6 87.3 79.4 e6·4 C6-1 
81.3 
:t<:': WI 1LZ·Z56·) 294 6.40 .2520 29.548 11.6J3 28.091.11 177.940.0 532.7 1l9.12(11.7 40.S 77.4 70.4 C6.7 C6.3 ....... ',: ~t\ It AVG: 87.2 79.~ ~.~~;. I 2L2·25J·l 450 L 6.44 .2534 29.695 11.691 124.87 ';.92 173.5 39.0 367.0 il2.S 192.0 27.8 115V e6-B C6-5 r- :;Ii 
.:, ~ ('"') Sl5-259-J 450 l 6.31 .2483 29.670 11.6B1 99.95 3.94 204.6 46.0 434.B 97.7 232.4 33.7 NSY C6-9 C6-5 .. ';, t~:'. Ii cb 2LJ-Z56-\ 450 l 6.40 .2518 29.705 11.695 88.72 3.49 129.0 29.0 444.8 100.0 2>4.2 34.0. .. • ... :'; 
>, II..,. m! ~i~ it 2T1·25J-4 144 T 6.37 .2507 29.731 11.705 B9.0B 3.51 106.8 35.0 257.6 57.9 136.1 19.7 76.4 59.5 C6-10 C6-2 0" ~i ~-:.. 3T8-259-2 144 T 6.31 .24B4 29.68B 11.6B8 40.72 1.60 169.0 38.0 351.4 79.0 187.6 27.2 58.3 53'.0 C6-11 C6-2 :l ~:- c:: 5T2-256-3 144 T 6.41 .2524 29.604 11.655 24,21 .95 i'09.1 47.0 434.S 97.7 229.1 33.2 56.7 51.6 C6-12 C6-2 2J J ~'" ~ AVG: 63.1 58.0 -I) a'-- .. f: n m-253-2 294 6.34 .249B 29.710 11.697 89.59 3.53 '11..2 25.0 262.0 58.9 139.0 20.2 54.7 49.8 C6-13 C6-4 ,'j 
iJ:'. (I lTS-256-2 294 6.43 .2530 29.759 11.716 2a.68 1.13 177.9 40.0 412.4 92.7 215.7 31.3 52.9 4S.2 C6-14 00-4 '-'1' f 3T8-259-) 294 6.36 .20;03 29.670 11.681 12.27 .48 311.4 10.0 645.0 145.0 342.0 49.6 58.9 53.6 C6-15 C6-4 :~ 
':Y n AVG: 55.5 50.5 :;~ ~t, 2 217-253-2 450 T 6.38 .2513 29.708 11.696 99.19 3.91 195.7 44.0 421.5 94.7 222.3 32.2 tlSY C6-16 e6-6 ,] 
.,;:. • 213-256-2 450 T 6.41 .2525 29.588 11.649 87.48 3.44 129.0 29.0 424.8 95.5 223.9 32.5 rlSY C6-11 (6 .. 5 -. t II 1T4-Z59-2 450 T 6.36 .2503 29.632 11.666 76.73 3.02 226.9 51.0 462.6 104.0 .245.6 3S.6 Il5Y C6-18 e6·6 ~.'l 
,.' Ii ~. ~ ~ ~: III C,mpli"" ,.,' ,lipp,d '" 'mlf, ,d,,,. j 
1.', ~ '':1 t·. 1-151 /{et 5~ctlon Hr~ss 9reater than 0.2 percent offset yield strength prlor to failure. ,'-11 ~ ~, i ~: ~ ~. ~ 
I.'.' ~.l \. '1 ~.' ~ '" '1' u, D~
.' lin ; 
" - m <' I,. __ ~'~1 .. ' ... ' ~ 6 '~.;.' I~· ... ~ ~., ..•. , t t::':ii.i:~'" ~:::::"'~:~:':::~:::~';;~~"~~~"'''~'i''~ .. ~~::::::,,:.:,.:~.:::~:,:;::::;~.;::~:::~~~~:.~::::.~~~~~~~~!3.l~::":~~:;~f1iiG.:~iV:"~~~·",,, ..... J 
~ ~  b Q p! 0 
~ ~ , ~ ~ ~ ~ r ~ g I , e 0 
~ a I ~ • • ~ B ~ . 
w ~ ~ i Ul ~ r ~ ~ 
f • , e 1 ~ ~ i 
I n 
~ 0 ~ I ~ ~ k j ~. ij ~ ~ ~ ~ . ~ ~ ~ ~ o • 
~~ ~ 
e 
~ £ 
• , 
f 
· ~ 
v 
ft 
~; 
~ ~ 
~ 
r> 
I 
00 
<n 
LOAD 
KN KIPS 
0.0 
11&.7 
151.1 
227.q 
255.0 
276.9 
ZC)Q.2 
315.2 
321. q 
331. B 
335.5 
33fl.1 
331. q 
338.5 
337.9 
337.q 
331,.2 
o. C 
26.2 
31t. ~ 
51.;: 
57.3 
c2 .. 7 
67.3 
7J.9 
72 ... 
74.b 
71).4 
75.60 
10 • .i 
lb.l 
76. Ii 
76 .. L. 
71).1 
80 
~ ,'.:0 
, '-< ~ ~) 
0$; ;;:,tJ;. 
.0 t:-< 
r:::~ {5Q 
'-., /::J 
.1-.; '-cr. 
KN 
LOAQ 
KIP'; 
G.G 
163 .. 5 
]IJCJ .. 5 
!tii7.7 
420 .. to 
436.7 
451.1 
455.5 
4131.' 
.!.tog of> 
475.7 
!tel.8 
466.0 
4131.7 
434.1 
4')4.1 
495.3 
(j .. J 
41.3 
"'? .. ,:, 
91.7 
q4.5-
39 .. 2 
1 Jl. '+ 
102 .... 
103.!') 
1J3. b 
1'Jf>.'3 
1 ilS .. ] 
1Dq.7 
110 .. ., 
111.1 
111 .. 1 
111. It 
I( (HA)O 
CO) 
E-l MM E-J t~1 
t:.uJ 
16q.3!l 
21S.47 
32·,\.H 
J75.1q 
Lot!}.]!} 
laGe .13 
~ll.1.12 
~43.~j 
~75 .. 36 
H1.77 
b5q.2~ 
716,94 
764.40 
HI."5 
Rot. .. '.ft 
ql1.5q 
COO 
0 .. (j (! 
l5.f>7 
9.46 
12 .. q 3 
14.7<:1 
1 Eo 51 
18.43 
2C.2C 
21.41 
22. E.7 
21t.[jq 
2ro:i.Q5 
Z .~. 2.3 
3D.DC! 
31.q& 
~4.:3 
:r&.2[ 
K ("10,)( I 
F-3 MM ::-3 IN 
u.i:iJ 
12:.12 
27~.'l3 
2QC;. fi~ 
31l1.lj) 
:!4:;.i3 
31 'i.. 15 
:nU.44 
,:;qq. ~I] 
41g.Sl 
103'1.4'> 
46iJ.JII 
486.74 
5ijlj.82 
522.'\1 
Sl~.Jl 
,:;;;.61 
o.ce 
It.Sl 
1.0.7R 
11. £:4 
12.38 
13.62 
1 It. f,~ 
15. it 
::. 5. 7Z 
11:.52 
17. :!CJ 
1 ~. 35 
1 q.l f:. 
1!}. C!1 
2 'J • .,e 
21.22 
21. !'I 7 
SPECIMEN NUMBE~a 
AtLOY' ORIENTATION! 
CONSTRAINTI 
TEST TEMPEQATU~E' 
SPECI~EN THICKNESS' 
OURING PRECPACKINGt 
1\ HALF CRAC~ LeNGTH 
Ii" IN 
~4.1 ~ 
45.10 
4ft.35 
1tft.2Q 
lt4.32 
to5.:'5 
it!).72 
,+6. (, 4 
4!}.3l 
50.30 
52.17 
55.J3 
56.17 
r:.a. 1 0 
63.Z 7 
65.87 
68.36 
1.739 
1.775 
1.746 
1.744 
1.1£,9 
1.78Q 
1.84t 
1. ~91 
1.qlt4 
l.qeO 
2. cst. 
2.167 
2.2'3ft 
2.3'3(; 
2.4!}1 
2.S!}) 
? 71 5 
SPECIMEN NUMBER' 
ALL OY' 
ORIENTATION' 
CO~STQJHNTI 
TEST TEMPERATURE' 
SPECIMEN THICKNESS' 
DURING PRECQACK.tNGt 
A,HALF 
CPACK LENGTH 
MM IN 
22.2:1 
22.32 
22 ... 2 
22. q 3 
23.5J 
24.04 
25.45 
25.611 
26.1j2 
27.11 27.Q7 
29.013 
2Q.6" 
3'3.&3 
31. 3 ~ 
32. Z5 
33.iJlt 
.877 
• ~79 
• B8 3 
.9i)3 
.925 
• !}71 1. uJ 2 
1.0te! 
1.Qft4 
1.071 
L. Hit 
1.1. .. 5 
1.115 
1.2J& 
1.236 
1. 270 
1. 3J 1 
TABLE C6-2 
34. U1 HPI1 SORT (11) { 
tL 1-253-2 
2124 .. T851 
LONGITUDINAL 
UNSTIFFEt-lEO 
14lt.~ It 
6.42 ~M (.253 IN. 
3D.95 KSI SQRT(IN») 
DELT4 A STRESS I~TE NSIlY 
STRESS 
fULL SECTtLq NET SECTION 
HPA 1($;: HPA KSI MH IN 
o.or. 
.. , 
.10 
.11 
.1' ~:~~ 
3.66 
5. 16 
&.12 
7.99 
10.85 
1l.98 
1&.52 
19.08 
21.bq 
2to.79 
0 .. 000 
.03& 
.. aGo 
• GO" 
.029 
.(150 
• 10 a 
.152 
.204 
.2lt1 
.314 
.427 
.Sli1 
.650 
.751 
.8Ci,. 
.975 
HFA SORT un K51 saRT UN) 
0.00 
24.43 
31.31 
"'.18 53.24 
58.67 
6ft.':''' 66.&& 
71.38 
7't.46 
77.13 
6Ci.13 
B3.71 
66.51 
89.14 
91.98 
9".101 
O.tUI 
22.2ft 
26.49 
42.93 
48.45 
53. !q 
5B.28 
&~.4!l 
&4.9., 
67.76 
7!l.19 
72.92 
76.24 
76.76 
61.13 
83.71 
~r;.g2 
TABLE C6-3 
3.06 
&1.ZC 
7~.24 
119.50 
133.67 
146.24 
156.67 
165.Z4 
166.78 
173.134 
115.87 
176.19 
177.1& 
t 77.48 
... 77.16 
177.16 
175.23 
2L1-2S6-2 
212,. ... T851 
lONGlTUIJINAL 
UNSTIFFEto.ED 
14".0 " 6.ltt HM (.252 IN) 
31."5 MPA SaRT(MI ( 28.62 KSI sa~TIINI) 
o. a[. 
8.68 
11."9 
17.33 
19.39 
21.21 
22.75 
23.9& 
24.48 
l'i.22 
25.5:1 
25.55 
25.69 
25.74 
25.69 
25.69 
25."1 
o. DO 
87.85 
11Z.~2 
170.21 
191.55 
210.63 
228.76 
24,..13 
252.10 
2&2.88 
270.135 
279.71; 
291.!l2 
290 .95 
l!l8.4C 
318.11 
32&.82 
STRESS 
0.00 
12.14 
1~.0 38 
24.68 
27.78 
3J.5~ 
3:!.17 
35.40 
36.65 
38.12 
39.29 
4:).-;,7 
42.20 
43.50 
44.72 
46.13 
47.39 
OEL T Do A STRESS INTENSITY FULL SECTION NET SECTION HPIl SaRTlM' I(ST 'SURT (IN) HPA .cST MPA KS [ 11M IN 
!:I.Di! 
.05 
. '" 
.6" 1.23 
z.17 
3. 1 S 
3.61 
r..24 
1t.9Z 
5.6Q 
b.81 
7.56 
6.36 
9.11 
9.97 lG.7F! 
!l.OOil 
• DO 2 
.006 
.026 
.048 
• aQJ; 
.125 
.1t.2 
.167 
.ltl" 
.224 
• 268 
• 2qa 03Z9 
.359 
.J93 
.424 
;;.i;0 
25.9a 
55.26 
58.55 
61.16 
65.15 
66.49 
69.713 
71.5!:i 
73. as 
7b. ilO 
7S.65 
8r..76 
82.58 
64.::..2 
81j.41 
A6.79 
0.00 
23.65 
50.29 
S3.Z6 
55.66 
59.2.!} 
62.33 
63.S1 
65.11 
67.24 
6q.16 
71.56 
73.51 
75.15 
76.55 
77.12 
7~.!i , 
'1.110 
~6.15 
2Q5.31 
21,..90 
2210&0 
230.17 
2. 37. 80 
240.10 
2,.3.00 
247.53 
25a.76 
253.QQ 
257 •. '::-2 
?5; .. 16 
Cor,!). 1f5 
2130.45 
Z61.10 
a.Oil 
14.03 
2IJ.77 
31.1& 
32.1" 
33.38 
34.4q 
3". S2 
35. Z4 
35.9;J 
36.36 
36.ft3 
H.3J 
37.58 
37.77 
37.71 
37.8& 
0.00 
113.94 
Z41.97 
2;4.32 
263."4 
21&.16 
2S7.2D 
2~1.:J1 
,96.:15 
Ji:3.26 
309.20 
316.13 
322.18 
32&.31 
33 a.56 
333.01 
336.15 
0.00 
16.52 
35.09 
36.86 
38.20 
40.05 
"1.f:5 
42.20 
"2.133 
43.96 
44.6" 
45.84 
46.72 
47.39 
47.94 
48.30 
48.71i 
Ja:H j> ;!~ 
"'c 
-'" >'" ~~ 
N n 
:;;$ 
....., 
~n 
t!!c:> 
:!:i 
> 
... 
lil 
o 
n;;o 
SOc:> lin 
-", 
--... ~g; 
'TI 
2 
l> 
r-
:D 
m 
." 
o 
~ 
~ 
" ~ 
.j~ 
,:~ 
';1 
" 
",-, 
r.' 
.~ 
.-,; 
i 
.~ 
"·,1 
~, 
"~ 
.' .. , 
. 
~ 
"'~ 
t; 
~ 
·1 
.:;~ 
~, 
J~ 
" .~ 
it 
.:~ 
" 
.Jf 
05 
\~ 
" , 
J 
J 
,j j 
1 ~,l 
:: 
;:,; 
'-~ 
LJ' ,1 " '~ •.. ',;. ,; •, ! -, :j :.i 
'~,' 'jLij'iih%4,%~.:j;kit¥'~\;'ii.i..iii\iiiiWi'<li~~~::' '%ili"''''''~'''~1l.i:i.ii~," ;'·ik;~W~~"",i,;,,~ii;}j'~kii;;i;i,!i§i,;);i,"';, ' ",'iii .. , ",i~Ji.)i.!l4 •• iT ;:Wi' 'j iH";'''''"" ;h'",;",1 iiii "'i" t"~,i.iJ;.;j 
f' 
'l~ 
E t>'P'31~,~f.1'1~~<r,'~i!'~"'_"'tr~_~""1=_=M~'=="""""""""'''''''''''"''''''''''' _____ _ 
'I.. .-.-,.. 
rl~ 
"' m~_*_""-.,~""~,-..""", ..... " ... ",.,., .. ,,,,,=.l",,"~'''~~=.!!r.''m,.~,.o.,~., """¥.1"-="'-fiv·"'''~·=='U,"_Jb·;;;a:;
;;',!!&!(lI~.,@U!&~..!!!t~,$£l!t~!M\i4QS,=Z!ltli", lZS"illZtS '~ 
~.,l 
i' ~ 
~ ,~ 
~-;: \ 
1':; 
!t,i_. 
~f' i 
\"II1A)I'} 
SP~Clt1EN NUH8E~' 
AllOY. 
ORIENTDoTtONI 
CONSTRAINTI 
TEST TEHPEqATUREI 
5PECI~EN THICKNESS' 
DURING PREC1H1CKINGl 
TABLE C6-4 
3"'.02 "PO. SQRT(1) I 
51.5-2SQ-l 
2124 ... T851 
lONGITUDluAL 
UNST IFFE t.:t:1J 
llt".J J( 
6.48 HH (.255 INI 
30.Q& KSI ~QRT(I")) 
"'"T1 Ia", 
.... 
lt n co'" 
... = 
-'" .. m 
z"" om 
",n 
;;:;~ 
.. z 
• 
't 
t; r) 
:i!~ 
\!lo ::'\ 
1(:;' 
~> CI C con CRAa~H~~~GTH 
STRESS 
OELTA A STRESS INTENSITV FULL SECTION NET SECTION 
~ 
.. ~ 
~ KN 
LUIlO 
'<IPS f-3 M.., e- '3 IN H.' IN H" IN MPA saRf {M] KSI SQQr IINl "PI!. KS I "PA KSI ~ "' 
~,~ 
" 
~ 
III ,. 
I" 
1I 
C 
&:: 
a ,. 
10 
1/1 
10 
III 
~ 
! 
e: 
:! 
r) 
1/1 
r) 
c 
i 
~ 
~ 
~ 
• 
III 
II 
1/1 
'I 
(") 
• 0> 
"" 
, 
•• 0 
46'-.6 
50G.' 522.2 
S31.~ 
553. ~ 
51)7.6 
5QO.!J 
601.1 
607.3 
&17.2 
&18.5 
618.7 
&22.4 
Ci.,j 
tQtt.1t 
112.4 
111. '" 12:1.7 
124.3 
127.& 
132.~ 
135.1 
136.5 
138.6 
131:).1 
13f}d 
13Q. ":I 
G. uc. 
208.0Q 
i).:llj llt.31 
I\.lQ 14.33 
.SEt3 0.00 O.DOil 
.-:;&4 .fZ • Dill 
D.ClO 0.0': 0.00 n.DO o. DO 0.00 
;1.53 r.&.89 2"'1.1t1 3;.Q2 2&7.25 38.76 
~J 
" 
232.71 '3.t6 lott. 6 It .516, 
252.2/\ q.'H 15. U 2 .,Ql 
21(1.50 10.65 15.53 .612 
2QS.ZLt 11. !":l2 16.29 .641 
.H • J13 S6.(J8 51.03 25':1.13& 37.10 288.38 .. 1.82
 
.71 .D28 '59.33 53.131} 271.45 39.36 301. 99 .. 3.79 
1.22 .(;48 bZ.07 5& .. 46 279.12 ltO.48 311.72 45.20 
1.98 .07B 65.5 a S9.61 281.44 41.68 322.
85 46.B2 
::1 
K'I 
lOA,') 
KIPS 
322.4Q 12.M 
356.:i2 1~. ;4 
383.E1Q 15.11. 
toJ 3.)1 15. q[ 
!t31.72 li'.i:L 
4S7.&3 18.':'2 
41\6 ... Po 1Q.14 
S12.JJ 2il.lb 
I{ (MAX) 
17 .l5 .675 
17.97 .ns 
tEl. e 1 .7lt1 
19.ItQ .7&8 
20.33 .800 
21.'.3 • Bltlt 
Z2 .&8 .89] 
23.&2 .930 
5P~CIt1EN NUM~E~' 
ALLOY' 
ORIENTAllONI CONSTRAIUTI 
TEST TEMPERATUREI 
5PEctM(N THICKttE5'it QURINu PQ~CRII.CKING1 
2.83 .112 &9.06 fJ2. B, 
3.66 .144 73.52 &6.91 
'.5. .111 1&.11 63. A1 5.16 .204 76.QS 71.8t; 
G.&l .237 82.0a 14.63 
7.11 .26 Q Alt.49 76.69 
B.37 .3ZQ 87.0B 79.25 
9.31 .367 89.52 131.47 
TABLE C6-5 
31.42 MPA SQRT IH. ( 
2LZ-2S3-2 
2124 .. TRSl 
lONGITUDINAL 
UNSTtfFEfooE() 
2Q't.t1 IC 
6.~2 ~M (.253 IN) 
28.S~ KSI S~QT(lNl) 
295.13 42.8) 333.6~ 48.38 
J(l6.615 4,..47 348.87 50.59 
312.44 45.31 357.75 51.88 
315.6& 45.78 363.35 5§.f9 
32il.81 46.52 311.67 Ii .90 
321.50 46.62 315.69 -;11 ... 8 
321.57 46.63 379.51 ~~:~~ 323.53 t.6.IJZ 31!4.71 
"TI 
2 
3> 
r-
::u 
m 
." 
o 
~ 
.:; 
1 ;~ 
:'~~ 
,J 
!:i: 
~ 
,~ 
.;1' 
!~ 
.' ., ;~ 
.. :h 
1 
" '{ 
OJ , 
" 
~,_HALF STRESS 
l~ 
coro CRACK LE.NGTH OEl Td A STRESS ltlTFN
SITY FULL SEClION ~ET SECTle,," <~ 
r-3 M'" (-3 Itl HM IN HM HI HPA SQPT(M' 1(51 SI]PT
(IN) I1P~ 4{51 tiPA 1(51 ,~ " 
O.J : •• 'UJ) a.::-, "4.~1 1.752 f..G.1 il.IiD;) J.D!) ~.!l': 'J.JD
 o.ar! 0.00 ol.OO ~ 
ZZ9.7 51.:.. 3'56 ... Q Ilt.:;2 44.&? 1.757 .10 .
COtt tt7.BQ tt3.50 lZu.5D 11."7 17z.2lJ 24.98 
i'~ 
248.11 55.1 J'hl.JO 15.37 It4.!!!) 1.7u T .3& .Olct 51.95
 47.26 130.50 18.9Z 161.013 21.13 
; 
274.7 61.3 l.t.).'1Q 17.3(, 45.r.C; 1.78 Q .94 .037 ,7.62
 152.&2 1"".09 20.90 2C7.1J8 30.12 
;~ 
302.& &8.J ~::!J.:.~ 1~.81 4&.42 l.B28 1. cH .!i75 64.53 56.73 15!S
.lG 23.01 230.92 33.49 -:1' 
327.t 73.5 5&~.~1 22.2~ lt7.4~ 1.RbR 2.94 .116 7u~7l
 hit. 37 171.52 Z".87 252.1lt 36.56 ~ 
3lt4.€- 77.r; 07.1'3 24.3[: 46.53 1.91t. It.11 .1&2 
75.71 &6.QO 1811.75 26.21 268.82 31!.Q" 'M 
355.0 aD.J E51.3~ 2S.6~ 4Q.23 1.Q4Q 4.77 .1ea 78.86 71.71 18&
.65 27.07 279'''3 4B.52 i 
362.7 SI.S f7q.23 26.74 SU.G~ 1.97~ 5.53 .~18 61.19 73.69 193.24 
21.59 267.~2 41.62 j 
3&7.:' 82.; 7)9.!)4 27.1J. 5102;) 2.tl& b.69 .263 83.41
 75.91 192.,4 21.9Z 293.94 42.6'3 
·'1 
37Z.3 B3.~ 716.2~ 2~.9~ SZ.l3 2.04Q 7.52 .29& 85.t.4 77.75 
135.11 28.2~ 300.42 43.51 1 
37S.Q 64., 7nl.u~ 29.g~ S2.i~ 2.0d2 8.37 .329 B7.Z6 
79.43 197.1& 26.SQ 3~&.ZB ""."2 ~ 
38.0.3 85.:" 7 cl';.:'!1 31.H 5lt.~7 2.12!) 9.56 .376 ag.6S Al.5q
 199."1 ZB.cH 313.76 45.511 0 :-~ 
382.3 B5.i 82'1.:5 32.'!3 5S.JJB 2.16CJ 10.507 .
416 'H.26 S3.J5 2lilJ.49 ZQ.Jl HB.aCl Ca6.23 "~ 
~{; 
:k 3B2.7 6b.': 1I;;6.b4 ;'3.73 50..71
 2.23'3 1Z.2'J .&tAu 93.Z1 Blt.!58 20J.75 2
1).11 32".6Q 41.11 S[ t:t ,I 
,i.' 383.2 B~.2 qOO.gq E·.41 5!5.:iq 2.311 14.16 .S:5~ QS
.7!J ·H.OCJ ZOI.0C 29.15 332.ltO "8.21 i"& n .,'~ 
\!! _ 1!J3.2 6".2 917 ... r;. JEI.H 51).43 2.3100 14.9
Z .587 96.51 87.1\8 Z01.bt Z9.15 335.2lt "8.&
2 - E!! --'.:~ 
!,,;,-, : 3elt.r !Jb.5 QZI}.tl7 "?E:.~7 S~.7~ 2.352 1;.2'+ 
."Gj) Q7.32 86.57 Z~1.!7 2CJ.ZG 331.73 48.90 -_ 
._'~ 
~i,; _I 384.7 0'.-, 04'.2' !7._Z ",.2> 2.'" .,.7. ."" 97.92 '9.11 ,,1 •. 7 ,1.25
 H •• ES ••• 26 iltll Jl 
h ' j 
,: . 
'~ 
L~::'.:,:;=:::,:,~:~=~;:::,~~;;::::-.~ .. "w~.:; w' '" ".:,:':,,:,,:, """:w,: "" _. "j 
l' 
, 
~-,.,.. . 
r 
l 
1 
~. 
I I , 
~ 
f 
\ 
! ~ 
I 
~ [ 
I 
J 
l ~ 
Ie 
f 
~. 
~ 
~ ~ 
!' 
f 
f. 
t 
• r ~ 
t ~ 
r' 
c· 
I 
~ 
~ 
III 
i 
E 
c: 
~ 
III 
n 
~ 
~ 
I 
~ 
• 
~ 
fI 
~ 
., 
s 
(") 
I 
ex> 
..... 
KN LO"O KIP:; 
~.~ 313.2 
331.~ 
353.4 
]&8.6 
l1U.4 
399.C 
.. 11.l 
ftZJ.q 
1t37.9 
~~'.2 
.lt54.3 
456.1 
1t&1.6 
.. &2.1 
t.G 70. ,. 
74.5 
79.4 
82.C] 
85.7 
89.7 
92.4 
15.3 
CJ6.&;; 
1 ]0.1. 
ll2.1 
1l2.S 
133.8 
1Jl.9 
KN 
LeAD (IPS 
0.0 
500.4 
514.2 
528.4 
Sl6. D 
5ct2.~ 
r;&tr.f. 
553.4 
53J.f!. 
Ij.-:. 
112.5 
'15.6 
118.1i 
12(].5 
121.9 
123.1 
124. It 
12u.,:, 
t( (HU' 
COO 
t:-3!'1M £-3 IN 
C..oJl 27q.52 
301.3Q 
3Z8.8CJ 
350.1]-; 
31ft.Li1 
.. 01.51 
lt28.Z'I 
ItSJ.13 
477.~2 
1I;0"'.3Q 53,.,5 
SSG.if; 
572. t U 
~8ft.&1 
ceo 
O.J[ 
11.:l 0 
11.a7 
12. Q; 
13.78 
1 It.1l 
15. al 
1&."& 
17.72 
1:J. dO 19.6& 
2. 0.",8 
21. F.6 
22.52 
Z!. JZ 
.. P~4.1 
[-3 !1"1 E- ~ TN 
~. ~ c ~. : ( 
2CJO.83 11.45 
31Z.-j3 12. 32 
3311.3" 13. !2 
~S5.62 14.14 
~7q ... 8 14.Q4 
;!Q4.72 :.1:j.C3,. 
'-l4.oJ:? :. 6.1]1; 
4f,j.SJ 1".13 
SPECIHEN NUM8E~1 
ALLOva 
ORIENTillIONI 
CDNST~AINTI 
TEST TE"PERaTUREl SPECIMEN THICKNESS' 
OU~ING PRECAAC~INGI 
III HALF 
COAd LENGTH 
H'1 IN 
Z5.za 
25.51 
25.18 
2&.11 
2&.43 
Zl.ul 
27.48 
215.19 
28.5rJ 
28.99 
2q.8! 
30.55 
31.42 
32.09 
32.67 
.9CJ2 
1. DO It 
1.015 
1.028 
1.01ta 
1.066 
1.082 
1.110 1.122 
1.141 
1.177 
1.2iJ3 
1.2l~1 
1.2&3 
1.286 
SO~SI~EN NU~a€Q~ 
AllOYI QIO'IENTATIONI 
CO';STRAINH 
TEST TE"1FEQATUQES 
SPEC[~EN TH[CKNESS. CUqIN:; PP€CIfIloCI(H'GI 
." t-IQLF CRAC~ LENGTH 
." 
p, 
I1t.J ::; .553 
1&.31 .E:42 16. :; 1 • .-:;s 
17.1i1 .&n 
113.1 3 .714 
18.~ Ii .746 1:;.42 .764 
2C. J ., .78Q 
23.27 • qll; 
TABLE C6- 6 
35.33 HPA SORT un ( 
4L3-259-1 
2124-T851 
LONGITUDINal 
UNSHFFENED 
294.0 K 
&.07 "H C.Z3CJ IN. 
32.15 KSI SQRTlIN" 
SJR:ESS 
DEL TA A 
HH IN 
STRESS INTENSITY 
HPl SQRTCH, KSI SQRTClN) 
0.00 0.0110 o.o¥ D.~Q 
.31 .012 SO.(] '+5.57 
.58 .021 53.29 "8.1j(] 
.91 • 03& !i7.21 152.0& 1.23 .0,.8 6J.(l7 54.&& 
1.87 .u7,. 62.96 57.29 
2.2'91 • eqo 66.42 60.45 3.Da .118 611).40 &3.16 
3.31 .130 71.qq 65.51 
3.79 .1"CJ 7S.ilS &8.3u 
".&9 .185 77.SS 70.61 5.J5 .211 80.14 72.«13 
6.2] .2"5 81.73 74.]8 
6.89 .271 83.68 76.15 
7 ... e • ZCJ" 81t.6" 77.'!! 
TABLE C6-7 
:Q.87 ~o~ 51PTIM) « 
lL2-25£-1 
212.-T851 
lO~G::rtifJINAl 
UN~TtFFe:f(EO 
29ft.:! tC 
G.4u H~ 1.252 IN' 
!~.aq KSI ~QQT(I~)) 
fULL SECTION NET SECTION HPA KSI .PA K5I 
O.gD O. OJ O. 00 0.00 173. I) 25.19 209.&9 30.lt1 
183.82 26.6& 222.41 32.215 
195.1)7 28."2 237.7& 34.,a 
2'04.41 ZII).6'+ 2ltS.6S 36.06 
Hl:f3 JO.67 2~8.62 ~~:1g !2.n~ 2 1.52 
228.02 33.07 281.ltS ItJ.8t 
235.11 31t.09 290.94 42'j~ 242.67 35.22 3&1.75 43. 
2,.6.90 35.80 309.08 1t4.82 
251.95 36.'1" 317.11 '&.00 
252.9 .. 36.68 320.8\ "6.52 
255.Q7 37.12 32i·5~ 4~.3~ 25&.29 37.17 32 .,6 ~ .6 
'STRfSS 
rElTA A ~TRE$S INTENSITY FULL SECTICIIi NET ~ECTIO~ 
H" TN M~A S~PT(Ht (ST SaRT(IN) HPA ICS I .P' ICSt 
• C. C (I ~.CaD ~. (. (] 3.~C 3.30 O.Qu a. 0 (] 0.00 
2.26 • !:Sq bG.:!" 54.91 264.63 38.38 297.'" 4!.i4 
2.8S .112 63.15 57.47 271.92 3Q."1 307.04 '+4.153 
3.52 .13Q 60.22 6D.27 279.45 4D.53 317.17 45.99 
Io.C~ .11;1 68.2R ~2.14 283.45 41.11 323.11 4S.8E 
4.Q::; .1a ~ 73.£'-7 64.31 286.74 41.58 32S.p 47.79 5.37 .211 72.29 €:5.7d 28CJ.57 41.~Q 333. 8 41J.3 
1i.9S .23E 74.24 67.5n 292.62 42.44 3315.52 49.09 
~.22' .363 77.4-j 73.52 282.27 ItO.~3 335.04 48.59 
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i 
~ 
c: 
:! 
~ 
i 
! 
~ 
'( 
: 
II 
~ 
n 
I 
(X) 
(X) 
." 
L C'\D 
I(tP"; 
o • : 
Zle 7.2 
272.7 
295.2 
31].4 
J29.7 3"".B 152.!. 
358.£ ]63.'3 
367.4 
311:.Cj 
J71.q 
172." 
171.7 
,., 
55.f, 
&1.3 
'lb ... le.:. 
7'0. :. 
11." 
79 • .;. 
6G. t, 
:'1. ::I 
82. u 
tH.ft 
In~? 
~ 1 .. ' $3. ~ 
KN 
LOAD KIPS 
D., 
32".2 
3S1.il 
38Z_ .. 
395.1 
"12.5 
.. Zit." 
431.lo 
,,:s,..8 
.. 36.8 
.. ]'5. ? 
It'll.;! 
427.3 
4l8." 
o. " 72. !] 
8::' .l 
66. U 
88. ~ 
92.7 
~5." 97. ::. 
<J7.7 
96.2 
91. R 
q6.7 
qr,. 1 
96.J 
...: . ...:.-~~~;.;:~ ... ...,< " ..• ::. ... ," .. 
I( IIoIIl)') 
COO 
f-S "1"1 E- J t~j 
C • ~ c oJ. ' .... 
E:toi..r.,2 :?'5.24' 
71'3.12" ?6.27 
n2.7,: H.M 
e7:;i.1; J ... f,4 
Q6 ... ]:' !7.Q7 
t:.72.59 to 2. 2]: 
1137.~:; ,,:'.78 
1 t·,: 1. :.:; ,. 1. E:; 3 
1263.1':; IjD.~? 
l!£,!.lJ 133.1)7 
t4S'l.b] c; 7.35 
1.5Z3.6i .IO'J.gq 
1 ':Ji". 35 ~? '33 
H.C; ~. 73 ~4.Q!! 
I( CI1A)' 1 
coo 
E-J '111 E-J IN 
:;.JG D.uC 6r;9.CJC; 25.Qp 
7&'1.17 "!O.28 
e72.~5 34.3fo 
~4CJ.17 37.37 
lu6-:'.32 "l.~e 
1193.31 4~.C;q 
13)':.") S1.Ze; 
t401.u" S5.1b 
lS1'l.7Z ~O.62 
1659.32 S5.33 
177S.8~ 7).e3 
18oS.A2 7!.4& 
tCJaCJ.Jl 75 .. 17 
~P~GIHfN NUMBERI 
AlleYI 
GIH ENTA T [OtH 
CONST~AHH I 
TESf TE.MPE;o'ATUPE. 
5PECI~EN THICK~ESSt 
j)U~IN~ PRFCRACI([IIIGI 
4. HALF CRAr::~ l£NGT" 
"" 
IN 
~2.103 2.lo5A 
~2.4'3 2. &'1) (. 
62.:'J 2. r.; '5 
Fi].ltl 2.4'16 ft,.. 26 l.SJC 
IiS.~Q Z.S7CJ 
&7.&2 2.'::&2 
6S.Q' 2.71S lu.r. 7 2.71" 
72.25 2."' .. " 7".22 2. Q22 
1& .. :. .; 3.,;1. .. 
78.1& 3:. 017 
79.6 iJ 1.1"2 
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CO~~TR4INTI 
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c04d LENGTH 
"'1 IN 
49.97 
50.~2 
51.22 
52.5':1 
54 .. .)4 
5&.32 
58.8Ct 
61.&9 
&4. Z3 
&1.CJ1 
71.2~ 
71.. :) 2 
11 .. 2'1 
79.00) 
1. '167 
1.96CJ 
2.317 
2.013 
2.127 
2.217 
2.317 
2.421l 
2.531 
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2.950 
3.04] 
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TABLE C6-il 
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2124-T851 
LONGIlUOINIH .. 
~;.2~ ~PA saPT!M) ( 
U~'5T I FFE p.,E'I 
1t5:!.l J( 
& ... 4 MM C.253 IN) 
Itl.17 i(SI 5QI;'HtN)' 
STRESS 
DELTA A ST"'E55 lUn N5!TV FULL SECTION NET 'SECTION 
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IN 1'1PA saPT [Ml '51 51]~HIN) HPA I(SI MPA _51 
D. DO Q. DO iJ o oiHI D.CG 0.00 ~. 00 D.Dt; 0.00 
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TABLE C6-9 
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DE.L T A A M" IN 
0.(;0 
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2.61 
1t.(.6 
6.34 
8.8& 
11.72 
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27.31 
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• ,0 2 
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27.67 
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2J 7. ~ 
ZltS.2 
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257. C 
257.1 
257.1 
258. (~ 
Z5B.7 
2S7.~ 
257.9 
257.(; 
2SIot.f 
25'-.7 
Z51t.J 
L (J~G 
<N 
0.') 
lq7.1 
255.3 
303.7 
313. lot 
320. I'! 
328.1 
!lt2. !J 
351. ! 
152.5 
353.1 
153.6 !'i 10 • ., 
~5(. '\ 
0.;; 
Ith. , 
4g.S 
::1.t. 
53.; 
~:;'.! 
'~f,. <.) 
?7.i 
&,7.1 
'j7.i 
56.1 
560.1. 5"'. -~ 
~ ~. ; 
~7.1 
57.2 
51. i 
57. :: 
K1 P'i 
(! ... 
'elot. 3 
F,ltol, 
oA. ~ 
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12. 1 
73.1\ 
71.1 
7':1. J 
7 -1.2 
1q.1t 
7q.o:. 
7l.;" 
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3? ,; ... It 
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CJ"" 
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! 2. /;1 
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1 tt. 'H: 
::; • .:>7 
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: 7.10(: 
:~.11. 
: 'l. 'i7 
:.~. ~r. 
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? 3. lit 
~1t.g7 
2-';."lS 
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'31t.ltlo 
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'1<;.34 
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1t7.2J 
!t8.2lt 
'5 J .27 
'::it.7S 
'53.; I} 
<;/i • .Jl 
'5;;.'12 
61.lti 
twit. :.1 
'1c7.'!.S 
,-.. .55 
73. 1 J 
71t • 1 ) 
1.153 
1.7,4 
1.7&g 
1.785 
1. '\16 
1. !\513 
1.6Q:;l 
1.Q79 
2.C3A 
2.1uQ 
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2.r.ZJ 
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2!1.17 
z;: .45 
2Ll.'H 
? 10 2 J 
21.~7 
22.7b 
22.'!.6 
23.2Q 
25.32 
27.90 
l~. jT 
31.H 
~4. t 7 
• '!.01 
• eo 2' 
• 8J 5 
.1)1 q 
.835 
.655 
• aCJ6 
.gO) 
.'H 3 
• qq 7 1.ljqq 
1.181t 
Ld51 
1. JI+Ii 
TABLE C6-10 
Z2.34 HP4 'SO"!T (H' ( 
Zl7-2S3-4 
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TQAUSVF.:5:iSE 
uNSTIFFE 1\(1) 
11+1+.':1 I( 
6.'37 "' .. (.251 IN' 
2:.33 KSt saPTltN}) 
ST~ESS 
DELTA A STRESS t~TfNSITY FULL SECTION ~ET SECTION HPA K51 "PO. KSI '1H Itl 
1i.~D il.OOO 
.(;2 .0:;'1 
.3ii .li15 
.81 .~3Z 
1.56 .!iElZ 
2.b6 .'.05 
.3.7~ .14& 
5.73 .22& 
7.21 .2~" CJ.1i4 .3,1; 
1;;1 .4~ .1t12 
12.2 Q .1t,\3 
16.'3:' .6",7 
20.~7 .7'Hi 
23.31 .Q1" 
?b.~1 1.<)2'4 
28.7Q 1.134 ](;.17 1.t8~ 
MPA saRT ('11 K5I saRT (IN) 
0.>10 
43.'53 
"1;.3u 
4!l.55 
SQ.'6 
53.21 
55.37 
58.1l 
5~. 24 
6J.65 
t2.12 
£::3.55 
67.01;) 
6~.67 
72.19 
73.67 
7& •. B 
77.;3 
J.:Ju 
39.5Q 
102.1~ 
"4.1Q 
"0.28 
4~.r.3 
Ii J • .3 q 
liZ.6!) 
C;3.Ql 
55.1CJ 
'50.'53 
57.63 
f:Jt.O 3 
&3.ltl 
55.6q 
r,7.Z2 
flCJ.52 
7:>.56 
a.>lc ~.=Q [j.0~ 0.00 
1J~.77 15.92 lSr,.77 22.7] 
11&.2& 1&.86 1&6.61 2~.16 
121.20 17.5~ 174.~C 2~.2~ 
1Z5.&2 13.22 182.12 2E.l+l 
129.52 lS.76 189.78 27.52 
132.91 19.27 lq6.7& 25.5] 
13S.79 19.6q 2;'i.16 2~.7S 
135.81 19.&9 208.l4 30.21 
135.63 lCJ.1a 21Z.37 3~.80 
13&.62 19.81 216.8q 31.45 
136.&5 19.52 221.1Q 32.01) 
13&.19 19.75 232.23 33.68 
136.Z~ 19.76 2~O.97 34.94 
135.77 19.61 21t9.77 3f.22 
13'e.51 19.51 25o.~1 37.13 
13lt.5& 19.51 265.56 38.51 
lJtt.32 lq.~d 270.02 39.1E 
TABLE C6-11 
23.:~ ~PA SaPT(H) ( 
Hd-Z5Q-2 
212'e-T8S1 
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'JN$TIFFEPIoEJ 
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LOAD 
<N (IPS 
D •• D.L 
85 .. 6 19.3 
323. C 12.6 ]45.0 77.b 
362.7 81.5 
382.3 8;.9 
381.6 81.2 
392.7 eB.3 
~n·6 111.2 
• .3 Q3.'o 
"22.7 95.':' 
.2S.8 1)6.4 
It30.~ 1i16.1 
1t33.7 iT.; 
03i· 7 97.S 
"3 .7 91.5 
<N L':olJ tOP:; 
i1.J 
130.8 
194.2 
Z1l. ! 
221.E. 
231. '! 
237.7 
241.1 
241.S 
2~5.'e 
Z49.3 
2lt9. ~ 
2'eB." 
c .... 
ZQ.4 
1t3.7 
.. 7 • .5 
~g.» 
;2. ~ 
53.10 
5 ... 2 
,,~. i 
57. ? 
Ij~ • 1 
Sf: 01 
');. ~ 
I( {MAX' 
COO 
f-3 "M E- 3 IN 
;:;.';:0 O. C C 
1';; .. 3~ 1.1q 
12~.&J 4.75 
135.20 5.32 
ISD.9ft 5.9" 
1&5.54 £.52 
1£;.9.7& &.68 
176.68 6.9f, 
187.~5 7 .. 16 
1q7.IIJ 7.7Q 
aLl.II!) I!.31i 
22".~!1 8.83 
2313. '3 9.38 
Zltt;l • .;.:1 9.81 
<:61 .. 1$6 tD.~C 
Hl.'93 10.11 
I{ {"I11 XJ 
CO] 
~-., '111 £- J Iti 
J • ~: 
?l~.17 
"!: 'f. 7'. 
134.11. 
3154. n 
!7? "2 
"!At;.7! 
Hl.'·H; 
10); .... 4 
to.J '"l. '-1 J 
It t q. ~:. 
It" ~. ',e 
1.31.1~ 
c. ::; (. 
"'. 'JC 1 2. : c. 
1 ! .1t 
11. 'U 
1'" .... 11 
:.S.19 
1;.=:1 
10:;. 7t; 
lb.l'o 
:.~. ,,: 
:'G.g:. 
:. 7. :> '? 
SPECIMEN NUI'1BE~1 
4LlOU 
O'll E~T4 Tt OtU 
CONSTRAINT I 
TEST TEMPERATURE' 
5PECI~EH THIC~NE5SI 
aU~[N; PRECRACKINGI 
A HALF CRAC~ LENGTH 
MM IN 
12.10 .47& 
12.26 
.. "" .3 12.34 .£.8& 
12.85 .5\16 
U.55 .5B 
13.98 .550 
14.1) .555 
14.~? .569 
1ft .. 7 3 .5Sg 15.11t • S9 
15.19 .622 
1&.1t9 .6 .. 9 
11.41 .&8& 
16. J 2 .71D 
18.88 .llt3 
tl}.51} .171 
SPECI~EI~ ~U~~£~I 
ALL ov I 
OQ[ENTAT[OUI 
cor~SfRA [~n I 
TE. S T T[M PE qA TU"(I 
5PE:I~E~ r~[C(~E~SI 
OlJ~IN; DQtC~ACI(I~GI 
A,HALf 
Ct.!:ilCK L;::NGTH 
14M IN 
41t.lq 
44.12 
1t1t.~7 
4S.1<::1 
45.3:5 
:.';'; Z 
"5.'2 :.5.~1 
It&.ltl 
.. fl,.~l 
1oF..l!q 
47.11 
1+1\.;1 
1.7&3 
1.7f)q 
1.7b7 
1.77g 
1.137 
1.7~2 
1. 6il .. 
1. l! J .II 
1.!}2 " 1. R3P 
1. '!-4 F, 
!. ~A" 
1. 'H 1 
TABLE C6-12 
572-256-3 
212,.-T851 
TRANSIIEIOSE 
UNSTIFFE~EO l"".IJ I( &.~1 1'1" (.252 tNI 
21.57 MPA ~QPT("' ( lq.&3 KSI SQRT(IN)) 
SUESS 
DEL TA A STRESS INTENSITY FUll SECTION NET SECTION 
HM 1,. HPA SQRf(MI 1(51 Sn~T UN' HPA teSt HPA teSI 
1i.(lO D.flOO 0.00 O.OC 11.00 O. DO 0.00 0.00 
.15 .O::Uj, 8.89 a.JI) It5.13 6 .. 5" '+9.20 7.1" 
.2' .Gag 3.3. 60S 3J .&3 110.20 24.68 165.68 26.9] 
.15 .. 029 36.&9 33.39 :,.81.80 26.30 193. 09 28.87 1."" .051 39.&3 3&.07 191.15 27.72 21 .lt1 36.51 1.88 .. 07e. 42.,.5 38.63 201.lt7 21).22 222."8 J2.26 
2 •• C .. U7 q 43.25 39.3& ZQ4.31 Z9.1!,1t 225.89 32.76 
2.35 .. iiI).) ..... 3& ft~.37 206.~5 30.U 22~.35 33.26 
2.63 .1~O "6.25 42 .. 0 q 213. 2 30.'91) 23 .34 J~:~~ 3.0" .1 0 1t8.0ft 43.72 ZlS.SS 31.71t 243.81 
3.&9 .1lt5 4'9.'95 45.4& 222.7 .. 32.30 21t1il.3,. 36.16 
14..3'9 .173 51.62 47.1& 225.97 32.77 25'.30 36.88 
5.31 • ZO Ii 53.1t5 48.&5 226.61 32.86 256.83 37.2" 5.92 .233 51t.88 1t9.94 228.55 33.1'+ 26D.23 37.71t 
&.77 .267 56.21 51.1& 228.55 33.1" 261.95 37.99 
7.ft9 .295 57.32 ;2.1& 228.55 33.11t 263.ftl 38.2a 
TABLE C6-13 
tfl"'Z53"'Z 
2121t-T~51 
fRANS!JEqSE 
23."6 HPA SORT(H) C 
ur~<;l t fFE t-E 0 
2Q".l < 
6.110 Mit (.e;J PH 
21.3; 1(51 SflRTn,.." 
DEL TA i. 
Htl I~ 
c • c; 0 
.13 
• C g 
.4 .. 
.S8 
.73 
. ., 
1.14 
1.1;.3 
... 8":) 
2.1 il 
3. G':: 
3./J1J 
c.:co 
• :O~5 
• at 3 
.016 
.023 
.029 
• :i3& 
• c~s 
.C&!t 
• il7:; 
.::: ~ 3 
.113 
.1t.Q 
STPE.55 INH NSITY 
HPA SOH (~) 1(51 saRT C IN) 
\i.t~ 
27.f..4 
'e1. i; 2 
44.f.1 
'e 7 .11. 
4Q.:'Q 
SC.7? 
51.6ij 
52.t!. 
li 3.1 'e 
54.11 
?~.7~ 
57.2& 
o.ee 
25.15 
37. :n 
4i1.6i; 
42.84 
41t.!JS 
It&. 2 1 
41.:1 
47.42 
~J!.3& 
4Q.2f. 
It 3. e b 
15; .2 :) 
STRESS 
FULL SECTION NET SEr.T[ON 
HP4 KSI 11F4 KSI 
J.ilG !l.ao il.oa 0.00 
&9.39 10.D6 99.~7 14.~Z 
1~3.0S 1~.~4 1~1.65 21.41 
tl1.59 16.18 1~0.18 23.26 
111.5~ 17.05 1&9.2~ Z~.5~ 
122.72 17.~a 176.~~ 25.&6 
126.09 1~.28 182.1" 2E.41 
127.9G la.5~ 165.15 26.65 
12~.15 18.56 16&.41 27.03 
13a.22 18.'6 1~q.qO 27.5~ 
13~.29 19.18 193.31 2B.J3 
132.29 1q.16 1~5.l3 28.28 
132.02 19.15 1~6.1q 2d.~5 
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\I 
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E 
c: 
:! 
1\ 
!II 
1\ 
0 
I 
! 
~ 
0( 
III 
• • .. 
ll)dn 1(" ICIP'j, 
31;':~ 
136. ~ 
357.6 
!&1.F-
379.~ 
388.9 
3q3.2 
itO 1. 1 
ItJ9.7 
"12." 
"11.Q 
'= •• 
1:.1 
llj. f. 
8t. " 
a:..3 
1j;.2 
J}7. -= 
a8.It 
9:'.3 
92.1 
92.7 
92.6 
LJAJ <. 'UPS 
:..~ , .. 
_32.2 
.. :." • r 
:)QO.1 113. ~ 
,21.;!: 111.l 
;3~.0! 121 .. :: 
555.C. lc,..d 
j 11. 9 12Ei. b 
;81.6 13e .... 
:;9~.& 13".8 
011. ; 137. ~ 
&24.7 1"101.'-.u.~ llt2. oJ 
631.1 llt3 ... 
039.8 llt3.o 
:'ItO.o 1""_ 1 
0 .. 3.(1 1" ... 0 
If" 1",3)1.') 
C1a 
f-~ ~~ ~-! IN 
:4~:~~ 
!"1.1} 
:'11.<;1) 
!~!. n 
: qlo •• ~ 
.? ':' '. s~ 21.2.el 
Z2:.~1\ 
22 p.~: 
~~:..lfo 
2&2.13 
COO 
~:7~ 
'=.31 
6.9Q 
7.22 
7. ~Io 
7.QP, 
".37 
1\.7~ 
Q -" q: 1 : 
!'3.12 
I( "1 A X I 
E- 3 1'1" E· 3 IN 
J ... ", a. :Hi 
1~ 7.?1t 4.23 
115 • .£;.1 It. 54 
1ZIt.&! It. 91 
135.&:' 5.34 
143.5'- 5.&5 
15;.~. &.11 1&&. a 6.57 
171.(:0 &.98 
16rS.J" 7 ... 1 
193.3, 1.8, 
212.09 8.35 
zzz.ali &.17 
235.,,1 i.25 
24". 'H 9.&" 
Z;".l5 1fJ.Gl 
~P~:IM~~ N~He~ql 
AlLeYI 
'l"'I~"lTHIO~1 
C'lNST~dl ... TI 
T~~T T~~DE~4TU~EI 
SPECT~~N THtC~NESSI 
ClJOIW .. PPr::t::"I1C~lNr,.. 
1 i-IAlF CU:l.-::~ l~~~,,"1 
...... I~' 
... !:. 
4.47 
4.d ~ 
5.19 
~.~ ~ 5.7. 
S.7? 
'3.21j 
&.It!; 
;'.02 
S.Sl 
I\.i'i 
.=::!)Io 
.""1': 
• c;.15 ·i?~ 
:~ii 
.Lt O 
.64: 
.1i4!! 
.Elift 
• Lljr, 
.142 
SP~[;lKEN NUHBERI 
ALLon QRlt:NTATIONI 
CIJHSTRAINTI 
fEST TE~PERA'uREI 
SPECI~EN THICCNESSI 
OUqIN::; PREGRACKINGI 
A,HALF 
[;'UCI( LENGTH 
"' 
IN 
&.1 J .241 
I). Lo .243 
&.3 .. .250 
&.:'1 .zru. 
&.5l .Z&q 
&.B .213 
7.1& · ~8Z 
7.J5 .259 
l.id .296 
7. r 1 .3111 
1.15 
• 311 lI.ll) .US 
a.i1 .337 
!I.)~ .353 
9.12 .3b1 
1J.~l .l79 
TABLE C6-14 
lq.~~ ~P~ ~a~T(H' ( 
l'"-2~E-2' 
l~c.-T~Sl 
,ClAtISVEPSr:: 
u~C:TtFFq·E 'J 
2904.: 1( 
6.43 MM (.2~~ IN) 
:P.:1 ~SI ~aOT(!~)t 
'STPESS 
02"l h A ~T~E~~ I'ITE~c:tTY FLOLL SECTtCN NET 'iECTIC...-
MM r' MPA '5=t}oT PH <ST S"liOT (r",) "!PA '51 "PO <5 I 
: • i: • 
-. ~5 35: 27 12:1: 13~;'8 2i: ~~ :. ]: i:. :; ) .13 182.2'] ~ •• _2 
.S? 21 !~. 23 3't.7g 1.:; .~7 25.S: tQ5.!9 8..33 
.8, 
.- "1.12 37.42 81.14 27.12 2'l80,!1 3iJ.21 . .-
" 
,"::...~q 3~.2::. g 1.1'- 21.1,3 211.1 j !J.E1 ......... 
1.17 
-. "" •• 4 
,,: . : ~ 'H02t 28.14 221.28 32. Cq 
1.3~ ,- ,,-; ... ~ 101.3 0 J 3.13 2~."9 221.!4 !2.91 
1.91 7? ItG. R'; Itl.-;q :i 1)0 65 2Q. "2 23\1.'1'; 33."8 
2.12 .I!! Its!'. :.2 Id.l1 1:.]7 '!j.ltf; 2:H.Z': !It.2S 
2.2.1\ Q - to~. 33 It.r..~Q 14.26 ~1. :1 24\.2:; !4.~e 
2.31 G2 ",.n 45.2? 1 Cj .13& 31.27 2"2.81 '3~. 22 
1t.51 
" 
;2.94 "a.17 1S.1t2 31.24 2lt6.E7 3'5.77 
TABLE C6-15 
3T6-25i9-3 
i!12'4-Ta51 
TllA"SIiERSE 
UNSjJFFENED 
29'.~ • &.3& "" (.25; N, 
22.9'- HPA saRT (HI I lu.88 KSI ~QRT(lN). 
STRESS 
DEL TA A STRESS INTENSITY FULL SlCTION NET SECTION 
"" 
IN 
"PA S-lRT 'H' 1(51 SQRT lIN. "PI (51 HPA KSI 
.iouJ J. to.;; oJ ';'.ilu .i • .;:. .... J" iJ. it .. :J.ilD ii. ail 
• U 3 • ilO 1 30.3'<> 33.07 20ll.oili ]1.85 21Z.Z9 39.49 
• Zl • 004 37.96 34.55 26&.&8 38.96 28D.68 4J.7D .~1 .1I19 39.66 3&.21 216.35 ItO.QS 259'13 41.<)" 
.1, .llZ7 tol.9" 31l.17 2a5.9& Iol. ~1 299. & "3.ltl 
.8u • a31 It3.1t 1 39.56 29ft.30 ft2. &8 308.12 "4.77 1.62 • wit 11 '-5.52 41.1t3 301 3. 2" ..3.91 318.&1 lto.2iJ 1.21 • Dlt8 ..7.,..9 43.22 312.19 "5.27 328."5 1,7.&5 1.lt5 .0657 ,,9.13 1t4.71 317.9 .. 4&. U 335 •.• 1 411.5& 
1.&6 .':'65 '511.61 "6.Z" 3Z".25 It7.il2 342 • .::2 "'i.bl 
1.82 .J72 52."'" _1.12 331.215 4a.Qr. 350. 01 SO.7& 
2.13 .OS .. SIt.17 "9.3D 335.61t 1t&.&7 555.43 51. Sit 
2.43 .~9b 55.58 5J.S8 336.1;;' "9.43 35&.62 5Z.ilft l.a" .112 57."Q 51.915 339.24 "9.Zu 3&1. (191 '5Z.36 3.1~ .12b 58.ZQ 53.01t 139.71 ,,'9.21 3&2.5& 52.58 
3.,,8 .:ll1 51)."1 5,..Q6 3"0.95 .. 9 ..... 3& ... 58 52.81 
----~----.-. 
... ..., 
!ii!~ 
I. C'1' 
o ll,l§ in 
-,., 
--... ~l:l 
!! 
Z 
l> ,... 
:%I 
m 
"0 
o 
~ 
L 
[ 
l";j_'H'''''''''''''''",,,"''''''_;,~'''''''''v'''''''''''''''''''''~'''"'"'''''~''''''''d~'''"''''~''''_~~_,.=""" .. ~'''''''''''-'._"C_;W'."J0'''>~~'''''~''''.,,,,,,,,,,,,,,.~~,,,,,,,,,,,.,,,·,,,,¢!{,,",,;"V""w;"",.,.., -"'01!"''''"N*'""",~"",,,,,,,,,._ 
f !' f ~ l , , 
r ~ , f, ~ ,. t l' l , f i' , f , t t 
•
 
l., .
.
 
; 
FIN
A
L R
EPO
RT 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
U
) 
~
 
I 
U
) 
U LLJ 
-
'
 
co 
~ 
"
'
'
'
'
W
Q
~
 
_
_
 
'I/W
'I\&
.I 
z
-
1"'l1OQ:"~c;)""Z 
lI\~w"" 
.
.
.
.
.
 
N
,
:
:
o
~
~
"
"
­
''''C/1~U'\U'\'''' 
.
.
.
.
 N
%
 .
.
.
.
 ~f\l1k 
.
.
.
.
.
.
 C
I[ .
.
.
.
.
 0 
N
N
Q
::II' 
_
V
1
 
~'" " 
r
_
 
"
'''' 
'" 
~
 
~'" 
.<
>
 
.
.
.
 
O
' 
~
 
~
 
.. 
"
 
'"
 
.
.
 
.. 
1 O' 
~
 .
 
~
 
~
 
-
.
.
.
.
.
.
.
.
.
.
.
.
 
-
1
l'>
::"'W
V
',", 
I.o
,O
O
Z
tlV
lZ
 
CO-' 
.
.
.
.
.
.
.
.
 ::H
u_ 
r...,l 
.
.
.
 c:r .
.
.
.
 zll' 
~
~
 
.
.
.
 D
'<
:II)tu 
z 
.
.
.
.
.
.
.
 a
.
u
~
 
ztn .
.
.
.
.
.
.
.
 Ck 
z 
.
.
.
.aZQ. %
U
 
1., 
.
.
.
 o
r
~
u
J
 
I: 
!ruw
 
Or 
.
.
.
.
 
0 
.
.
.
.
 :to. 
"
 
"
' 
h
I 
.
.
.
 r
l!) 
Q. 
V
I_
Z
 
V
\ 
w
u
-
.
.
.
.
 O
'IN
 
.
.
 "
 
"
,,, 
•
 
z
_
 
"
'"
 
-
"
 
~
 
"
 
.
.
.
 
'" .
.
 
~
 .. 
.
.
.
 '" 
"
"z
 
~ .. ~ ""z_ 
0"" 
-
>
: 
~
 
u
 '" 
on '" 
-
.
.
 
.. 
~
 
.
.
 
.
.
.
 
0:0: 
X
 
%
 
~
Z
 
c,_ 
u
."
, 
.. ,"
 
.
.
.
.
 
X
 ""
 
.
.
 "
 
d
Y
 
.1
 
L
' 
e 
.
.
.
 ~
~
~
~
~
N
_
~
~
~
~
~
~
N
~
~
~
I
O
~
 
~
 
.
.
.
 U'\~~I"'I~N~m~ .
.
.
 ~
 
.
.
.
 ~
N
~
U
'
\
~
~
~
 
·
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 .
 
o"~lI\lDa,.,I,n 
.
.
.
.
 Cf\ 
.
.
.
 .
.
,II."'II:)(f .
.
.
.
 N..:t."C,.~ 
.
.
.
 "
,
,
,
,4
4
 
-" 4411'1I\"'''''II\U
'\O
IQ
\D
IQ
ID
"," 
a
~
~
~
~
M
~
~
Q
~
~
~
~
M
M
~
~
~
~
~
~
 
a
~
a
~
~
n
M
~
~
~
~
~
~
~
~
~
~
M
~
~
~
 
.. 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.. 
f3...,In~NIJI,..."'N~C7'~O'O~N~ll\"'N"" 
~
4
~
~
~
~
N
~
~
"
"
m
~
~
~
N
~
~
"
'
~
~
 
N
N
N
N
~
~
M
M
M
M
M
.
,
~
4
4
4
4
4
4
 
Q
~
~
~
M
M
~
M
l
l
\
M
8
~
a
M
~
"
"
a
~
N
N
~
 
aC
l"''''tI!)aC
le .
.
.
.
 ltlt''f\IM.,.U\'"NC1''''..,~ 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
O
~
~
"
'
'
'
'
'
~
C
7
'
C
7
'
O
~
~
N
N
N
N
N
N
N
~
~
~
 
N
N
N
N
N
N
M
M
M
M
M
M
M
M
"
"
M
~
M
~
 
O
C
l
M
U
\
m
t
l
!
)
~
M
"
'
4
~
M
~
~
~
N
~
U
N
Q
"
"
 
~
N
"
"
~
N
N
~
n
4
N
~
 .
.
.
.
 "
,
,
"
~a~QalJl 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.
 
.. 
.
 .. 
.
 .. 
.. 
~
I
n
M
"
'
8
M
~
U
\
N
~
~
N
N
M
4
M
N
Q
~
~
4
 
1
n
"
,
~
m
l
J
l
a
o
~
~
N
N
N
N
N
N
N
N
~
"
~
 
.
.
.
 ~
 
.
.
.
.
.
.
 N
N
N
f\.IN
f\.IN
N
N
N
f\IN
N
N
N
 
'3
"',., .
.
.
.
 .rI~ND" 
·~4'o .
.
.
.
 17'1n4 .
.
.
.
.
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
""01"'OON~.-I4 
1\J"'..o~",,"-o!lC' 
O
 
.
.
.
.
 ,.cl< .
 
.,.,.. 
.
.
.
 """~ 
00&
1('1\,.." 
.
.
.
.
 
-3 
.
.
.
 
.. 
.. 
.. 
.. 
.. 
.
 .. 
.. 
•
 .
,
,
.
,
,
,
,ItI'::IU
"Irt'f"1 
(\I"'''''c!'''''''' .
.
.
.
.
.
.
.
.
.
.
.
.
.
 
'.,r7' 
.
.
.
.
 m
lS\"'tI!) 
.
.
.
.
.
.
.
 ONN..,~NU"I4<D,.,n,., 
~
o
O
N
~
 
.
.
.
.
 lf\Q
 .
.
.
 .
"
.
_
cU
"l,., .
.
.
.
 aO
O
'N
N
 .
.
.
 
.. : .
.
 .,r.I..,.U .
.
.
.
.
.
.
 NN"..".3\t1"'~1I'It!'0' 
.
.
.
.
 1\J,., 
.
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
o
 
.
.
.
.
.
.
 .
.
.
.
 
O
M
N
G
Jln
4Q
o .
.
.
.
.
 U
'\ .
.
.
.
 IS\~ 
.
.
.
.
.
.
.
.
 
.
"
.
,
.
.
 4
N
"
'"
 
UN..., .
.
.
 'O
O
'c,lI .
.
.
 m"" .
.
 N...,~.~~"',.,"'<3,., 
·
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
~
 
.
.
.
 N
41l'1"""'"uN
 .
.
.
 'OCO
O
N
tl\0C)..,jP'", 
.
.
.
.
.
.
.
.
.
.
.
.
 
h 
.
.
 N
N
N
N
,.,,., 
N
"',.,o .
.
.
.
.
 a;:<..:>,.,,.., .
.
.
.
 IS\\J\U
'''''" 
.
.
.
.
.
.
.
.
.
.
.
.
 ,
,
'
'
'
,
.
,
'
'
'
 
IS\ 
.t)lf'OlIO 
.
.
.
.
 "
,
 .
.
.
 It\N
O
'·"'''' n.~"DIt\U\ItI"" ~.o 
O'cr(f'~ •
 .,t:2 .
.
.
.
.
.
 N
N
,..,311'U
"'I\U
,...£ IT
'o
 •
•
 I\J 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 N
N
N
N
N
N
N
N
N
~
~
N
N
N
,
.
,
,
.
,
,
.
,
 
(7'N"a~...,rt'~~.#~If\~a~4~.".N~1S\ 
I' 
"
"
',O
 .
.
.
 r\'!t>lf\."-"N
 •
 .
.
,O
O
"' .
.
.
.
.
 ""·.3tf'1"' .... 'r\rt' 
·
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.. 
~~O'O""N~~"'~~"'''''U'''''~N4~~N 
,.11 ~U'L!'\I ..
 
N
.(\It'I:I'IU"\D"'..o.ooD"'''''''''''''' e
m
 
4: 
•
•
 I,...Chf~.:tU'II\U\.zoDcr"4!t>"hD.#""'~,.,,.... 
.
.
.
.
 
01S
'0''''' 
.
.
 'ftlt\,tf'lo.)."O'II·O'lI:IoD!t>~CI'a"'''' 
•
•
 
.. 
.. 
.
 .
 .
 .
 .. 
.
 
.. 
.. 
.. 
.
 
.. 
.
 .. 
.
 .
 
.. 
.. 
.. 
.. 
.
.
., 
,..,.,....,.,ID(l' 
.
.
.
.
 ~"·"·,.·..,.lC'r.II .
.
 "
"l"'N
U
'(I' .
.
.
.
.
 ,.... 
•
 
N
I\I!'\ .
.
 
'
'
'
 .
.
.
 
.
.
.
., 
.
.
.
.
 ~"''~II'U"'IIIl'.C·.-:''",...,... 
~Ul 
'" 
00 
e 
.
.
 
0
' 
~
 
,
.
 
~ 
.
.
 
' 
.
.
 "
"
'
,
.
.
.
 
.
.
.
.
.
.
.
 ,(['C7'3U"' 
.
.
.
.
 c:to,...4..,(t'....,..!tI:" 
.
.
.
.
.
 
T 
.
.
.
.
 ·
.I(f" 
.
.
.
.
.
.
.
 ,.... 
~.frl 
.
.
.
.
.
 ~
N
~
"
'
r
l
(
t
'
 
.
.
.
.
 ,
.
.
.
.
,
.
.I,. 
.
.
.
.
 
.. 
.. 
.
 .. 
.. 
.. 
.
 .
 .. 
.. 
.. 
.. 
.
 .. 
.. 
.
 .
 .. 
.. 
.. 
.
 
.
 ,
 .... "
't"'"" TO 
.
.
.
.
.
 1
t 
.1
.I1(',....z 
.
.
.
.
.
.
.
.
 
,
.
,
.
 NoC.:!I.r" 1'1.1'-' 
I 
l"'~,.......,~,..N .
.
.
.
 ~.r"~(7''O..., 
.
.
.
.
 ~~,..''O'" 
.
.
.
.
.
.
 
.
.
.
."
'o.C,..cocou •• ~. ~""I-..IN"'4.n~ 
·
.
.
.,,...coo 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 0101 
.
.
.
.
 
1/1 
.
.
 ,..."''''~ 
'4
 .
.
.
.
 4' .
.
.
.
.
 "'~IT',.,.n 
......... rl"
. 
.
.
.
.
 () 
c.. 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
~
 
<3 .
.
.
 ~~~N..,.,...~N,.,.#~"'lS\tI'I44NN 
.
.
.
 
"lit 
NID~,...<nIl'l.,rT''''fT't'f'IG'IT'O''t'f'I'''lJItJ'o,,("I· 
<
..N
U
,4'" 3
~
C
'
 
.
.
.
.
 ,
.
,\D
 .
.
.
.
 ~CT J<:..Ju.# 
"
'11"10' 
%
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
~
 
otl'lt'f'l4ulD"'aNN~ 
.
.
.
 N~IS\..,".,,...0" .
.
.
 
a
a
~
L
l
\
"
'
~
c
r
"
a
"
~
N
N
N
N
N
N
"
 .
.
.
 o
a
 
.
.
.
.
.
.
 ,
.
,M
",.., .
.
.
.
 4'.# Jl4J1J14J1.#.JI·r.JI4 
C-92 
.
.
.
.
.
 
~
 I 
U
) 
U LLJ 
-
'
 
CO 
~ 
N
"
'
W
C
~
 
_
_
 
Iu
\V
lW
 
Z
o
o
 
\P1l'I1l'-'"C
lI .
.
.
.
 :;z 
"
'
 .
.
.
.
 u
.w
· 
.
.
.
.
 
N
,'lI.o
.::tN
-
.
-3C
/1l1.U
'\U
'\ .
.
.
.
 
M
N
7
 .
.
.
.
 
.
"
ru
a
:: 
.
.
.
.
.
.
.
 .q.... 
.0
 
N
N
O
::V
I 
.
.
.
.
 V
I 
~
z
 
"
 
:0:_ 
n
,
 
"
 
~
 
~'" 
.N
 
.. 
.
 
~
 
N
 
-
-
-
-
_
 .. 
-
(
\
.
~
z
 
.
.
.
.
 w
v,<
.!! 
w
O
O
Z
Q
:V
'lZ
 
a
l 
.
.
.
 "
 
.
.
.
.
.
.
.
 :lw
-
X
-' .
.
.
.
 c
t 
.
.
.
.
 z
v
 
~CI[CI[lYctWU 
z 
.
.
.
.
.
.
.
 truC$ 
:V
'w
_
tY
 
';! 
U
I%
C
l.Y
I..I 
W
 
.
.
.
 o
r
 .
.
.
.
 w
 
r. 
Q
'U
W
 
,); 
.
.
.
 
C
" 
.
.
.
.
 z
a
. 
"
 
"' 
!oj 
"''I''~'' 
Q
. 
tn
 .
.
.
 Z 
I/'t 
W
O
-
.
.
.
.
 u
U
l' 
.. "
 
"
' 
.
.
.
.
 
.
.
 -
u"" 
-
"
 
.. 
u
 
w
 
on 
MDC EI153 
October 1914 
~U\ 
.
.
.
 "
'
 .
.
.
 II'\ID 
.
.
.
 O
 
.
.
.
.
 
.
.:t 
.
.
.
 I"'I~~~N~ 
Q
~
~
~
~
~
Q
~
m
~
~
~
~
~
~
~
~
~
 
·
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.. 
a
Q
~
~
~
~
~
~
8
~
~
~
~
~
8
~
m
~
 
N
N
~
~
M
~
~
4
4
~
~
~
~
~
~
~
~
 
.. 
.. .
.
 
"
':0: 
"
"Z
 
"" 
~e""IJINU\l7'e""NN~M""",MM 
Caln"'"InNND"m4N~alJllJl.-l" 
.. 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.. 
a
,.,U
\ .
.
.
.
 ~"'M~mMlne~tI!)tI!)IJINtI!) 
4t1!)M4"'tI!)IJIQNM4U\"'~C""3 
r
l
.
-
l
N
N
N
N
N
M
M
~
M
M
~
M
M
4
4
 
.
.
.
 
.. 
~
 
II'I~-
"'~IJIU\ND-I''''''''''Ir\l7'''''''OIJlf1'4 
~""tCo~~a"""'~4~~U\m",U\.,. 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
04IO
N
L
f'llD
tC
IJIO
"O
rlN
N
N
N
N
N
N
 
"
'"
 
-
'"
 
~
 
"
 
"
' 
on .. 
.
.
.
.
 
.. '" 
"
 
u. 
.
.
.
.
.
.
.
.
 N
N
N
N
N
N
M
..,...,...,...,...,...,...,..., 
Q"'''''''4N''''IJINN~tI!)", .
.
.
.
 alD
''''lJI 
e~NClU\4""1JI"""'CN 
.
.
.
.
 ~N4""'" 
.. 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
"
 
.
.
.
.
.
.
.
.
.
.
 
.. 
Q~QNN~"'~~N"'''''''''~'''1n4''' 
O
"
"
~
"
"
m
~
O
"
'
'
'
'
N
N
N
N
N
N
N
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 ~
 
.
.
.
 N
N
N
N
N
N
N
f\IN
N
N
 
...,1S\~,...f\I\l\N,...,...:t 
~
~
 
Q",,,,,mQ"''''~"~ 
1
-0
. 
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
.
 
jooj~ 
O
U
\1D
4M
",N
!J'0'(\/ 
IIH
II 
.
.
.
,41f1.c1D
 .
.
.
.
 ,... .
.
.
.
.
 m
 
z 
w
_
 
~'" 
Z!Iit 
.
.
.
.
.
.
.
.
 l'I. 
~
 
"
'-
""" 
1.1, .
.
.
.
 
~
 .
.
.
 O(r\II'I,.,Ll\4'=',., 
Q'~ 
OIS\""NN"'N""~":I 
I-cr 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
.
 
1110 
,
,
.
"
'
 .
.
.
.
 ,0
"
 .
.
 "
'
,
.
,
,
.
.
.
 
.
.
.
 
VI 
"'1S\"",.o~"""<D(1' 
~
 
.
.
.
 ...,N,...~e~IfI 
.
.
.
.
.
.
.
 N~,..lfIlf1e~ 
z. 
ClCI""""'O'NOPa",,.,n,,,~t\I"'4'" 
jooj 
.~Qa""oQ""""Nt\I"'4.".U'\ID""c)0' 
<II 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
.. 
'"
 
0
1
 
1 
%
 
~
.
,
 
"'~ 
~'" 
,
.JI .
.
 I 
.. ~
 
,
 ~
 
"U
 
.
.
 r 
•
•
 
u
 
o
 
""''''N~~3r"~U\'''''''~''''''''''''N 
'~O"'IIO""4N'I"IN.DIS\",<;om<l)"'lf\ 
.
.
.
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
~
 
.
.
.
 ~,.,.,.~"'~.., 
.
.
.
 ,.,IfI~",., 
.
.
.
 .
.
,t 
.
.
.
.
.
.
.
.
.
.
 N
N
 
N,...IS\.,.O'~a""" .
.
.
 .o"'.,.m"'~~ON 
N
N
...,IfII1) 
.
.
.
.
 IS\..,N~U'\NIIO'04'IfI 
.
.
.
.
.
 ,
.
,
 
,..~,...,..~~lI'ImO'~O~ 
.
.
.
.
 N,.,4'~>D 
·
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 N
N
N
N
N
f\jN
N
 
$ 
.
.
.
.
.
 ~'04' 
.
.
 ~
N
I
l
\
"
"
~
3
I
1
O
N
N
 
.
.
.
 ,.
.1D
 
,..~...,.tI'I4 
.
.
.
 "
''''0' 
'
"IItIIt\,O
.o""N
C
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
"
"
'''''3 4'lI'oD
tlI,.. eO
f\, .
.
 ,L
l\""O
'N
II'''' 
.
.
.
,
.
.
,3
3
 
-1
'4
 4
., 4'!,\II'IN
.I'IIJ'IIt'I\D
..tI.o 
Z Q«.:"'''''''' .
.
.
.
.
.
.
 ''',...,,.. 
.... O
 "",\LI" .
.
.
.
 "", 
.
.
.
.
.
 
'-'tr<e~a:~tI'I,... 
.
.
.
.
.
 N
r.) .
.
 c
rlD
""I.".'Ii:I1r 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
·
,
 .
.
.
 tI'IO
'l'U
lI' .
.
.
 O
· 
.
.
.
.
 .
.
.,,...cr 
.
.
.
.
 .".,.....,,.,!t> 
•
 
.
.
.
 .
.
.
.
.
.
.
 "
,"
'l\.!\!"" 
.
.
 
,
 ...
.
.
.
.
.
 44'3.1\'1'\\0'\ 
O
h
l 
"
 
U " 
~
 
o
 ~ ,
.
 
•
•
 
.
.
,
"
'
 .
.
.
.
.
 11" II rt' .
.
.
.
.
.
.
.
 t'.. 
.
.
.
.
 ,\/' J
lr 
' 
.
.
 ,
.
.
 
.
.
.
.
.
 N
 
T 
,
 
.
.
.
 oo 
.
.
.
.
.
 rt' 
.
.
.
 ,
~
 .
.
 •
 .
.
 "'\l'I .. :lII .
.
.
 ~
L
 ..
.
.
.
.
.
.
.
.
.
.
 1I' 
·
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.. 
"
'I 
<'.'''''''''''''''(7'"'II'I~"",,,,,'''',","'''''''''''''''' 
"
 
•
 
~
 
V 
,..,....,m
cr.> 
"
'fI",t\r."'.9
 
.
.
.
 .p,...r •
 .
.
.,.o 
.
.
.
.
 
,
,
'
.z ..,.ro.~':'O,...C()<Vcr' 
.
.
.
.
 o
 
.
.
.
.
.
.
 >J1\I..,4 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
.
.
 
.
.
.
 0"".0"":'\,..."' 
..... ,,., fl\l~"''',.,.# 
·
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
.:..o 
.
.
.
 It\..,..., .
.
.
 "
'tf'lc
.· ..
.
 r\J4"''''''O
''01S\1I\ 
.#1t\~~,...tI!)=~~~~~~IJI~"'~ 
,
 
'N
 .
.
.
.
 IS\.# ~ftI,.,NU'lt' 0".# 
.
.
 11\1<
0"''# 
Z 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
"lit 
a
"
~
.
,
 ..... .
,
~
"
N
N
 
.
.
.
.
 cr" 
.
.
.
 ~0",...~4 
"'.JIeN.JI~ecr"a 
.
.
.
.
.
.
.
 N
N
N
N
N
N
 
"
N
N
~
~
 .
.
.
.
.
.
.
.
.
.
 .
.
,
.JI.JI4.J14.J1.J1 
.
.
 
M
C
D
O
N
N
E
L
L
 D
O
u
a
L
A
. A
_
-r.o
N
A
u
n
c
e
 C
O
M
 .
.
 
A
"" .
.
 
., 
.A
.'I"
 
"j 
.~.~, •
•
 ~·"," 
.
•
 ,
 
.
.
 ~!.....:'"" •
•
 ; 
.
.
.
.
.
 <...,"'_,.'"""'"' .
.
.
.
.
.
.
.
.
 ""'·~""L..Lll.&.'tt>' ..
.
 :....,;.,.,trl, .. "
'
 ••
 ~:.!,;,.21~~"".,~""-""~ .
.
 
"'""',..!.L;.,.&..;.,,'"'"-''-'''.~~~~''''-'"''''~, :.-:re*" 
~-. 
, 
~i 
j 
I 
~ 1 ,. 
,,-
~. 
~. 
" ~ 
\ ~. 
, 
f 
~~ ; ,. 
~ 
~. 
~. 
" 
Ie 
! 
~ .. [ 
,. 
~. 
t 
t 
• o 
~ 
t 
! 
f 
" , 
~ , 
, 
~ 
., 
f 
'E 
~ 
~: 
~ 
~ 
r 
I 
~ 
t 
III 
II 
i 
I 
c:: 
i 
i 
I 
i! 
'C 
• 
= • oj 
n 
I 
'" W 
.14 
o.c 
Z1q.~ 
273.4 ]23.1 
160. ~ 
193.6 
4t& •• 
1oe21.0 
"3&.~ 
.. !tR.1 
451t. Q 
o&l.e 
46ft.7 
467.1 
",&,..7 
"61.ii Its •• q 
CtSZ.46 
L04a 
l(lP, 
J • .: 
"o . .! 1111. j 
72. 'I 
cll. ,: 
88.":1 
113.7 
116.~ 
q8. :. 
100 ... ~ 
:.';".3 
103.0 
t~ ... :;; 
1 J5. ~ 
11110.1'0 
1113. r, 
lJ2.3 
IJ1.1 
IC' (MAxI 
co'' f- i "'11 (-1 II. 
... :. ;: .. Jt. 
3..:.17 11. A B 
:!8t!.ru 1 -;.31 
4·P.~~ 1 q. ~~ 
!'.n-;.4') z? n 
nh:;.ft} 2h.J1 
7'--.S: 2 ~.AE. 
f:l15.S1 .. c. 11 
87~.1? ~1f.1:;7 
qh~ .4J 31d9 
hIo1.q~ "1.1(, 
1:.22.IQ 
"".le 121:;.21 It 7. '\4 
1337.51 ~ 2.6& 110 1 ~ ..... SE:.:.a :.%~.S; 1)1.ft4 
if. q., ... 1 b6.7~ 
1~6ft.]11 73.42 
SP~CIME:.N NUfr13::"', 
4LL OY I 
O~IENTATr'JNI 
CC"lSUAINfl 
TEST TEHPEqATUqE I 
SPE~I~EN THIC~N:SSI 
U'JI)[N; PIlE.C~JlCIC[UG: 
A HALF CQAC~ LENGTH 
H!1 U 
.. B. 3 7 1 .. 510 
38. "Z 1. li1 3 
3a.oli 1.52l )9.27 :.. C;;"b ]9.qj 1. -;72 
.. 1.21 1.;23 
43.1 :) 1.70 j 
4~."1 1. 74 ~ 
itS.:)] 1.811 
.. 7.63 1.8IJ2 
50. U 6 1.r'!7t 
52. J ft 2.~"9 
5 ... ~lt 2.151 
S!I.lft 2. za q 
~1. 31 2. ftl'i1 
r;S;.3S 2.573 
1)9.7Z 2.7105 
1ft.lll Z.914 
TABLE C6-18 
43.63 HPA SO~T(HI ( 
tT4-Z5Q-2 
212'--TII51 
TO?ANSVEfOSE 
U""ST IFFE I\E 0 
1t5J.:l K 
&.1f. pol", (.ze:;.: INt 
3q.7: KSI SORT(I~') 
DEL TA A STPESS ['".IYEN'iI TV SYRE'S5 
HH n, MFA 5QFHOn I(S I SaRT (IN) FULL SECTtofll HPA KSt NET S~CTIOt.l HPA KS [ 
[i.GO ~. [i 0 0 O.[iO 3.0C 3.00 D. ,0 ~.~O [I.ao 
.0& .J~Z 42.2" .38."4 116.52 16.q& 15 .31 22.81. 
,20 .Jl1 1:)2.61 "1\.OEl hS.lb 21.05 19&.ItO 2~.48 
.9:1 .~15 EJ.1~ 'i7."j 171.84 2ft.92 233.!11 33.91 
1.51; .062 7i1.97 64.5q 11)1. ]7 21.75 2&1.9" 37.99 2.85 .112 78.ql) 71. !)7 208.95 3iJ.3i1 Z81).47 41.q8 It.82 .1q; 86 .~& 78.32 221.31 32. :;.9 312.-37 105.30 b.Ci. .238 e~.86 61.78 221.17 32.910 32le.]q 47.04 l.b] .3ill • 231.73 33.6i1 336.0& 1t6.7] 9.ft ... .372 • 238.2 .. 3,..55 351.1.? 51.01 11.70 .461 • 2"I.lt9 31i.32 364.7" 52.8<) 13 .6ft .5]'1 • 2:. ... 715 35.49 377.27 54.71 16.,7 .&41 • 246.70 35.78 390.83 56.138 1~.77 .7713 • Zlt8.00 35.96 "08.1E 59.19 23.GD .'JO& • Z"E.70 35.78 421.13 61.07 2&.98 1.:1& 2 • Z44.1S 35 ... 9 4J7.':19 63.Sd 31 • .!5 1.231t • 2U.,.!) 35.,]2 456.13 66.15 35. b5 1.4illt • 21t0.19 3,.. !!~ 479.97 69.60· 
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24.71 .~7:1 
2C;.&] 1.lia9 
2&.r.C; 1. :42 
?7.1q 1. U7U 
27.37 1.U 1 
23.:J5 1.1ltO 
2Q.S,. 1.175 
3 J. a 1 1.213 
31. U 2 1. ?21 11 .. 58 1.,2,,1 
32.37 1.271t 
32.15 1.297 
33.39 1.115 
lft.l0 1.343 
3".39 1.354 
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-7.4j • ~q 1 SIt.lli 41.2 A ItH.lt7 26.]2 222.14 32.21 2 ~.1'i .322 55.73 5J.7~ B3.-=Jl 2~.67 2?6.S~ 3Z.~E J> 9.17 .3F..l 1)13.89 Cjl.77 18~.22 26.12 228.83 3:!.18 1D.t~ .3gb 56.01 1)~.3': 1'1€1.&6 27.;1 23J.Sq 33.R7 r-11. C3 .41Ce 6:'. I, J =it; ... ". 1:19. ~8 27.42 238.5A 34.60 
11 • .2 3 • Celt 2 61.26 55.75 1-3';.135 27.F.t~ ·Zc.1.37 35.00 :II 11.89 .4b8 1i2.bq ~7 .lIe; 111.14 2".11 245.51 3;.60 12.;8 .4Q, 64.21) 'i8.51 1QS.l0 28.38 25;J.2Ce 3E.Z. m 13.17 .518 &5.67 S9.70 1H.S9 28.7'l 25,..32 ~&.8a 
." 13.&i) • Ii! 6 &7.31 61.31 201.52 29.22 259.96 37.70 1,,".32 .. 56'- 68.68 iS2.5i1 2{)2.9'9 29.lt4 263.50 31t.2! 0 llt.60 .515 6'1.7; &3.ft7 2Q5.17 2'1.75 267.00 38.72 
:II 15.3" .60" 11.11 blt.ll lO&.&S 29.97 270.67 39.25 15.71t • &2 J 72.20 65.1V 2ilB.'" 311.23 Z7 •• 0t 39.7" -I 1&.3& .6ltCe 73.19 6&.6{! 2Q9.22 30.34 27 •• 53 'tit.l0 
16.&1 .056 14.&11 67.91 Zt2.'t9 30.111 281. &Z 40.84 
IF...94 .6&7 75.1. 68.'11 214.«;1 31.13 285.21 1t1.36 
17. a1 .670 lb.51 6Q.r,3 2iE.ltS 31. !'1 281.7/\ .. 1.1;5 
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'1 I ~~ ~ ~. 
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, 
f , 
~ 
r fi-[ 
r' 
,:<,.,.,.,..,.... 
~ 
I 
1\ 
Q 
CI 
it 
it 
~ 
.. 
Q 
CI 
c: 
a 
.. 
II 
II 
II 
II 
i 
E 
c: 
~ 
" •
" CI i 
J 
it 
~ 
• 
• • • .. 
'~'~'''", "u"="" ............ "" ___
__
__
 ,_,_ . 
tOlD 
(N KIP::i 
G.t t •• 
&1,.1 lCt.1t 
217.C ItS.d 36&.C db.8 
"52.7 1 n. d 
516.1 I1b.~ 
'i62.b 12h.~ 
601).~ llf>. " 
IH9.1j 139.5 
&,,8.(" 1 ,,'S. 7 
671.fo lSI.:' 
692.7 1SS.7 
11&.1\ 161. f.I 
'''9.9 16B. ':. 758.6 17'. ~ 
777.J 174.n. 
n 1tf7.! 1 7~.?
 
I slS.' 18" ... 
~ 6 2.J 1!17.1 
0 843.6 18q.7 
0- 65J. B 1 q1. ":I .1C.~ l'C;.& 874._ 1 q&.:. 
aa6. (l lqq.6 
a98.1 2,:.t.Q 
908.1. 2)4.0.! 
ql1.Z 20&.l 
926.2 20~.2 
<13&.'+ 21:1.5 
"7.9 213.1. 9S2.f Zl".~ 
952.' .. 214.1 
q50.~ 213.EI 
SPECIMEN NUM~ER. 
AI.LOYI 
OR!ENu'YIONI 
CO'1STQ:AINTI 
TEST TEHPEQATU~EI $PECI1EN THICKNESS, 
1«(",lI.)I') OUql~::; PRECRACKINGt 
A HALf 
COO CD 4Ck LENGTH 
l-3 "'''1 E-l H~ 
"" 
III 
O.JJ ts:.sa il. [j r .622 
18. J1 2: ~ 3 tfu"\) .6c.& 'iq.11 lS.(H .623 
lill.611o "a21t 15.92 .&27 
12 i. 'It 5.':0 1&.11 .634+ 
1"q.2~ C;. ~f\ IF,ol.2 .635 
iDS. 'n (:. 'j ~ 16.37 0&44 
1'\1.-11 7. ?Ct 16.bi? .6, .. 
19~.J:; 7 .~1 17. J 1 .61 J 2 J 9."., B.2:! 17. ;4 .6'Jl 
22". "C;; 8.8"J 18.09 • 112 
,]1\.32 'l.3E1 13.~7 .721 
2'>6."3 : o.tt 19.QQ .7ltS £7c."l 1 0. 1\ 8 1Q.4' .1 •• 2"" • .13 11.31. lCJ.9& .78& 30". J 1 ! 1. 98 2ii.tt5 • S~5 321. ~I) l. 2.68 2J • golf .A25 
J42. i~ 1 3. 5 Ll !1.;~ · g"' !5q. Fl 1".14 22. a • 6. 
:!7". :J"i 1". 7:! 22.57 .868 ~q4. ;7 ! 5. 51 23.36 • q2G 
"!$I.d' 1 f." 7 ?t..14 .qsg 
r.2~.1? 16.lI6 2".53 .% 
~ .. 3.ae 17. "8 ~".8 ~ • qB(j, 
40J.1:' 18.11 25.37 .q9q 478.1q 1 ". 113 2:5.91 ld21 
"'12.;6 1 g. 39 2&.33 1. uJ 7 
1511.57 (; O. 1" Zh. 3~ 1. Cif>l 
C:31.1j2 2 G. q3 27.52 1.08,+ 
553.31- 2' 1. 78 28.1.2 l.1!!7 
577.1t; 22.73 2Q.08 1.14S 
59S. LIZ 23. '" 2q.~1. 1. L18 610 ... 3 24.03 10.&5 1. 2ii 7 
..,-_.-- -~.--. --- -
-----
-_. --.~--...... " """, 
'"'"',,_
 .... .-._ 
WOiO .... 1J'>-" 
TABLE C7-6 
5L3-"59-2 
2F"-TBS1 LONG TUOIN~L 
UNSTIFFE~ED 294.0 I( 
11.48 HM (.452 IH. 
21.97 HP~ SQQT un ( lq.qq ~Sl SQ~TIIN)} 
Sf RESS 
OELlA " STRESS I~TENSI
TY FULL SECTtO~ NET SECTION 
"" 
IN HPA SaRT (11) KSI SQ!1T «IN) "P' "51 HPA KSI 
Q • t.C O. Oil il 0.00 0.00 
0.00 0.01 O.DD 0.00 
.[,0 .02,. 4.3J 3.9: 18.82
 2.73 21.16 !.ol 
.~1 • Oil 1 ltt.30 13· ul 
['3.72 9.24 71.32 10.3«' 
.12 .005 25.152 2',j.23 113.33
 16."3 126.95 18.41 
.31 • 012 30.11 l.1."/J 1
32.'0 19.27 149.08 21.62 
.33 • 013 3 ..... 8 ~1
. 38 152.10 22.iJ6 17:i.61t 2".75 
.Sl .~22 31.73 3tt.33 16
5.16 23.95 185.&3 ZE.9Z 
.8Z .032 "'1.1l H'''2 118.
58 25.90 201.11 29.1& 
1.21 .048 '-2.38 36.57
 181.87 26.37 2i15.q2 29.79 
1.75 .0&9 45.04 '+ll.qq
 1qO.2" 21.;9 ~~~:~J 31.29 
2.ZQ .090 47.43 43.1& 11)7.1
1 28.59 32.56 
2. !;7 .105 '+!J.'+S 45 • .)1 Z0
3.3. 29.ltq 232.:!8 33.68 
3.21 .126 52. ilB 47.'+0
 211.02 30.60 242.02 35.111 
3.6S .1'+,+ 5 ... 99 SO.OS 
220.13 31.1)2 253.3r. ~6.74 
'+.16 .1&4 5:>.40 'il.32
 222.11 H.30 2S1.33 37.32 
'+.b5 .lB3 58.52 53.2& 
228.20 33.~q 264.68 38.38 
5.14 .2J1 oilo76 55.31
 2.3".06 31.9,. 272.52 39.52 
15.75 :m 63.34 51.&'+ z·t·i· 
3'+.95 2·~·F "y.n 
&.27 65.22 59.36
 2.. • 4 35.43 28 • It It .&3 
6.77 .2&6 6&.69 oil.S7 
247.65 35.91 ·2Q2.08 "'2.36 
7.56 • ZQ6 &".95 62.74 25J.6
4 3&.3" 2'17."8 "~.11t 
a.34 • ~2 8 H:z& .S.~l 255 ... 5 3~.~" 3B~·0. . .. ~. 8.73 .344 65. '+ 2S6.6~ 3 • 2 3 .47 44. 9 
9.013 .356 1".16 ~7.5a 
2&.J.10 31.81 313.24 "15."2 
q.~a .377 75.81 &8.Q9 26
3.67 38.24 318.07 lto.13 
til .13 .399 77.57 7l.5Q 266.&&
 38.61 323.14 ' •. 8, 
13.54 • "15 ".~8 71.81 269.21 3q
.D5 321.31 47.4 
11.11, .4]9 8 ia. 1. 7~."!l l1t.Cla 
39. "3 332.23 "S.18 
11.72 ."62 82.S8 7-5.15 Zl".q~ 
3q.87 337.51 "8.94 
12.32 .£oA-5 8'+.58 7&.9
1 218.2 43.3t; 3" 3. 31t 49.7q 
13.28 • S2 3 8&.152 78.7"
 27'1."Q 40.53 3 .. 7.&1 SD."l 
14.11 .SS& 87.Ql BO. O.J 279.
&1 40.-55- 350.21 50.7') 
l4.SIi .5-815 1!18.ql 80.'H 
27S.Q7 "D."o 351.&1 5a.qq 
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0 
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E 
c: 
~ 
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n 
i 
i 
~ 
~ 
• 
: 
II 
'I 
l CAO 
'" 
I(IP~ 
G.O 0 •• 
1%.6 31.'1 
2'18.1 ('7.2 
r,49.2 Iv1.~ 
713.8 11.0.5 
S22.q 185.~ 
907.1 204.1 
910.1) 211i.Z 
102; •• .!2Q.b 
'0" .6 P"-107&.6 1t2. " 
1002.'1 2 .. 7. '1 
1029.1 Z53.H 
,033.6 Z54." 
1035 ... 255.2 
1032.1 25 ••• 
1032.7 25".0 
1015. ~ 255.3 
'0510.1 259. :. 1072.7 2&3. I) 
1095,5 263.6 
1018," 273.q 
1036.9 218.~ 
'052.3 2'11. ~ 
,(1&8.0 2d5.1 
1079.0 Z·17.S 
10'J0. ::J Z90.C 
1091.'- 2'1~. 3 
10'J8.[! 291.6 
•• 
lOA,) 
KIP~ 
0 •• 
1t33.3 
lta3.7 
53~.3 
585.6 
6l1.3 
&ItS. q 
6&9.J 
6155.3 
&91. €I 
706.3 
713.7 
117.5 
7Z3.1 
123.6 
7?].~ 
ql:~ 
108. 7 
1211.3 
131.7 
1 ]'1. 7 
1 loS. 2 
150. " 1 '54.:. 
1 Sf... :I 
158.11 
1 eu. "-
1&1.3 
162.1 
162. 7 
162.7 
It (Hd)!:) 
con 
F-. '1I0Il t:- 3 If.! 
J ... iJ ;].1)0 
;:':'.19 .. , 
1t5. ~Cji 1. 77 
72.17 2.810 
:11.13 It. 1)'1 
:'103 •. ;1 S.(.3 
:.&3.71t b.105 
:.F!3.1 ... 7.22 
20J.~r; 1.
'
H 
~1fl.22 ".51 
',3".&S '1.;:10 
255.11 1 J. C 4 
;:1E.r;~ 1~."9 
£"92.60 11.53 
317.Z7 12.4q 
346.14 13.6C; 
Lol'1. en 1 f. Ii 1 
,,91.11 1'1.13 
~z g. 62 2~. Bn 
S61l.51 Z 2. 3C 
H5.;1 24.&3 
.-.8:.15"1 2&.7Q 
7H.&1 2 q.18 
761E:."" 30.'12 834.31 ]l.I\C; 
d61.12 3,..&9 
~21.'1r. H:.'j3 
q&~.57 HI.!)S Q'J2.!)2 JQ.~& 
I( , ... a)t' I 
COY 
t-5 ~~ ~-3 TN 
...... 1) 
c;~.&..,.,16 
U15.H 
731.22 
nltt.,jr, 
l~t~:H 
111i:.33 
"."'} 12S1.l 
1375. ';17 
141i1."0 
14Q8.1:. 
lS!ll2.7~ 
If.;8. H 
17" 3. b6 
C.:'l 
? 1, 7C 
2!1. ~2 
2 8. 1~ 
:B.l1 
3F..H 
lCJ.9 Q 
lo "3. '!2 
4~.5&. 
~q.5" 
S 2.20 
55."] 
0:; '!. QI! 
t 2. !! 
f;5.31 
08.65 
SPECII1E"l NUl1[IERI 
ALlOYI 
O~IE~TATIONI 
CONSTRAINTI 
TE.ST TEHPEQATIJREI 
SPECI~E~ THIC~N£SSt 
OU~I N:O PRE CRACKING' 
Go HALF C~AC~ lE.NGTl-t H" I" 
7.9" .312 
11.11) • 122 
8.7& .3"5 
q.15 .3&G 
q.iJ1 .155 
q.ii~ .358 
13.15 • 31)~ Q.3r. .1&8 
9.53 • 371t 9.ftr. .36B 
1t!.2 It .ltO 3 
:'0.7] .«.21 
11.~& .41'1 11. 2 ... &~ 
12.6'7 .4'18 
13.87 .546 
:.&.7.1 .&56 
1~.3" • 762 20.2& .79!! 
21. U 3 .62 !! 
2Z.35 • 8i\ 0 
Zl • .,t • QZ2 21t.;;2 .CJ&6 
2'5 • .,6 1. DO 2 
2&.3J 1.035 
27.20 1.071 
26.0& 1. Ii) 5 
29.06 1.14" 
29.,.5 1.1&0 
SPECIMEN NUM9EQI 
AllOU 
ORIENTATION' 
CONSTIUINTI 
TEST TEHPE~ATU~E' 
SDECIMEN THICKNESS' '~RIN~ PRECRAC~INGI 
A.HAlf 
CQACK lENGT"I 
"'''' IN 
5e,..~7 
5&.~~ 
51. &., 
So8.51 
15q.~1 
f;:.9S 
&2 ... 3 
63.~& 
65.52 
b7.11 
&~.&D 
70. "q 
72 .78 
7 ... Sb 
76.51 
76.55 
2.231 
2.240 
2.2&9 
2.30 4 
2.355 
i.It,)Q 
2 ... &n 
2.131" 
2.58t 
Z.EltZ 
2.10 1 
Z.77S 
2.8&S 
2.936 
3. el2 
3. Oq] 
... ~-,--
TABLE C7-7 
1&.57 ~PA SQQI(M) ( 
"l5-"56-1 
212"-14\51 
LONGITUDINAL 
UNSTIFFEt\EO 
294.;] K 
11.~3 MH '.~50 IN' 
15.0~ ~SI SQqT{I~" 
Sf RE55 
3El T A A STRESS INTE ~SI TY FULL SECTION .0 SECTION HPA KSI 
"" 
I" HPA SQRI (M' test SQRI (IN) "PO '51 
O.Ot G. DO 0 .l.Oil "OU G.IJG D.~J 0.00 O. ~O 
... .(l10 7.12 &."8 4".34 6.43 46.92 &.80 
.82 .032 1,..62 13.3G 61.95 12.15 93.ft6 13.55 
1.22' .,48 22.,,3 20.4& 132.2'5 19.U 1"0.94 20.41t 
1.08 • lllo2 35 ..... 32.25 210.15 30.108 22J~13 32 ..... 
1.15 .C .. 5 1t1.D3 37.3" 242.28 35.p 2 ••• ¥& 31."2 
1.22 .048 "S. "2 lo1.1" 261.25 36. 6 26". q 41.30 
1.ftO • DI3i5 49.07 "".66 285.17 .. 1 ..... 30 ... 9" 4".22 1.51 .0&2 52.09 "1."0 300.71 43.61 321.25 "~.59 
1.91 
'875 '~.3' ····1 30·'·2 .~.1. 338. 37 .7.9t , • 3 ~ • 9. •• OD 51.8 316.9 ... 9& 3 ... 41 49 .. 3 2.7& .11l'1 5'1.72 5".35 324.70 47.i)9 3"9.69 SQ.lft 
3.22 .127 ol.4" 56.83 332.43 46.2'1 359.41 52.12 
3.19 .149 &".29 58.51 333.1 .. ..Sc"O 362.33 52.5,. 
4.71 .1A& &&.93 60.91 33".27 ItS.ltl 365.37 1i2.99 
5.93 .23,. 69.94 &3.&' 31].32 :'8.1" 3& 7.63 53.31 
8.77 .3 .. 5 76.98 70.0C;; 333."7 48.1& 315.7u '54."8 
11.40 
• ""'1 83.28 75.7Q 334.35 48.,,9 38".38 55.74 12.32 .,,85 8&.10 78.~G .UtJ.7Q 4Q.28 3q].lf2 'S7.OS 
13.il9 .515 8'1.83 .1 •• 3,.5.25 50.Ci1 "112.16 5~.32 
1 ..... 1 .568 Q".56 86.U7 351.98 51.!!" 414.29 60.08 
lS.41 .609 98.71i 89.89 359.73 52.02 "25.1Q 61.75 
16.59 • &53 • 36 ... 1 .. 52.lJtJ lf36.~3 63.35 
17.52 .&90 • 368.68 53.lt7 .. ,. .... 91 &,..52 16.36 .723 • 313.33 5r..14 453.6!J 65.78 
H.27 .759 • 316.56 5'.&~ 4&11. 9 ' 66.8lf 
20.12 .792 • 379.78 55.0 It& .18 &7.SQ 
21.12 .832 • 380.20 1i'S.t" ,,72.63 68.54 
21.52 .847 • 382.16 55.,,2 .. 76.&3 &9.12 
TABLE C7-8 
"'L9·"53-2 
212"-T"'31 
LONGITUDINAL 
UNSTtFFE NEO 
450.0 K 
11."2 "M (.4S0 IN' 
'-2 • .;3 HPA ';QRT 'H. I 38.80 (51 SQRTtINl' 
DEL TA A STRESS INTENSITY 
STRES5 
FULL SECTION NET SECTION 
HPA KSI "Po, KSI HH IN 
i) • Q l 
.22 
.9& 
1.8&; 
3.1" 4.2q 
5.81 
7.11) 
6.SCji 
Hi ... S 
11.'93 
13 .82 
1&.11 
17.89 
11).84 
21.88 
C., il 0 .:I 
.001) 
.03!! 
• D7 3 
.12" 
• 1&'1 
.229 
.283 
.3" 9 
."11 
.,,70 
· 5"" 
.ft3" 
.705 
.181 
.862 
HPA SQ~T(H) (51 SQRTlt~) 
J. a 0 59 • .,Q 
&1.02 
15.00 
83.35 
89.&1 
• 
• 
• 
• 
• 
• 
• 
• 
• 
O.DC 
5".14 
&0 •• 9 
68.25 
15.115 
81.6: 
13.0(l 
127.18 
1"2.62 
157.6" 
112.69 
1.3.20 
1QO. ,,& 
191.35 
ZlZ.D7 
21lt;.11 
2~8.26 
211i ... 5 
211.5& 
213.39 
213."2 
ZI3.,,10 
O.l.1 
1ft .53 
20.615 
22.S. 
Z'i.OIt 
2&.51 
Z7.E-2 
2B.&2 
29.30 
29.Al 
30.2C 30. IS? 
10.66 
30 •• ' 30.95 
30.95 
O.lOJ 
207.H 
233.:''' 
260.59 
28q.22 31','. 328.90 ],,6.3& 
:'61.7& 
315."8 
387.18 
400.77 
"15.06 
.. 26.71 
"'''0.4~ 
453.35 
0.00 
30.0'5 
33.81 
37.19 
"1.9" ~~:~. 
5 •• ~~ 
'52.,,6 
54.45 
5E.15 
S8.12 
60.19 
6 iC.l 8 
63.96 
65 .. 7" 
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r-
, 
~ ! 
~'l 
, 
, 
r~ 
~. 
,. 
;: 
f 
F 
f 
r 
(' 
f· 
" 
l , 
i 
" " , ,
I 
~ 
~ 
~ 
~ , 
, 
r 
£ 
r 
~ ~ 
f:. 
~ , 
~ 
fi 
t: 
~. 
~ 
[: , 
~ , 
E 
~ 
" , 
r 
t 
t 
;wr<':'~"'''''''''-''''''''~~'''~._~ ____
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_ ,___ _ 
It P'tl)(l 
I 
1\ 
CI L 00.,1 CO', 
CI < .. I(IP:" E-~ " .. ::- 5 1~1 
l D.C o •• J • .IU ~.C~ l &'8q.r.J 1l;: .1 "Ii~.~~ 1 ~. 31 
~ 5"Q.1 123.'" ~&.1. 3') 21. 31 5CJ8.'i 1JI..1) f·;?'::. 2 ~ (".102 &2Q." 1 "1 •. ; (7?::: Ii ZE."E: .. b&&,.2: l",~.j 153.'0'1 ?). of. 
CI &81j.~ 154.':' 81 •• [,7 11.89 70t;. " 157 ... ~'\ j. ~5 j .... &f, 0 11~." 15q.7 Q3b.QF. 36.61 c: 114.&. 1&0.'1 Q87. 1O 3f'.87 
a 717.2 L&1.2 ltn~.l" 101.71. 1113.0 1&1.b 1171.8\ "&.13 
.. 
110 
III 
110 
III n 
i I ~ 0 OJ ~ 
c: 
:! 
1\ 
III I( (MAX' 
1\ 
0 
I LOAD COO 
! KN KIPS E.- ~ tt"l £-1 IN O.t 0.;' J.J!) ~. :!l l 546.7 122. q t..''+ • ..il 1 7.68 ~ &22.7 IltO.~ S5Z. n 21.75 
684.C 1'S3.8 fFJ.&1 25. C6 
II! 733.1 16&'.6 
732.23 23. til 
772.4 173. b 822.27 H.37 
110 79q .,. 17q.l CJ12.3h 3"5.q.2 
1/1 624.0 185.2 ltil5.Z~ :SQ.5A 
oj 8]5.1 187.7 H72.Q,J 42.2'1t 848.6 190.3 11'11.102 ~S.51 
853.6 191. 'J 1227.'11) fo!id'it 
856.6 1 q3. J l:az ... " S1.67 
6&1.1 1q3.6 lZQ7 • .I&" SIJ.:ii 862. ,. l'l3., H07.,);) 59.33 
5&2.5 1q3.q 1;q7.23 &2.88 
8S8.Q 1'H.l lbq~.12 66.bEl 
857.6 lQ2.ot l]ql.'I! 7).5&0 
~53.C \ ~1. d 1 1!1q. 25 7 J. qq 
8 5G. f, 191. '- H J5. 61) 1E.?1 
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TABLE C7-9 iai t!:l 
~P~CIHEIII NUH[lERI ItLb-It56-1 §iii 
dllOYI 212:~-T£t51 
OR LENTO. TI CNI ll')NGITUOINAL >'" 
CONSTI-!IiINTI UNSTlFFEfl.EO 
Z.: 
TEST TEMPEQATURE' ~5~.G I( a'" 
3PECIf1€~! TH!C1(NESSI 11.3~ MH (.~lt7 INI 
",n 
r.'J~JN-; P,,"fCIUCKlw:i. .%.lQ MPA SaqT(H) ( 32. qlt KSI SQRT(IN)} ~i ... z ~~ 
A,. HALF 
5T RESS ~o 
CRo.:K LENGTH DELTA Co STRESS INTE h~ITV FULL SECTIoN ~ET
 SECTION 
-.. 
"1M IN MH IN MPA saRTP1. <SISQoTctN) MPA KS I MPA KSI ;;! 
"~.7Z 1.760 il • [J U C.DDO .:A.til ;;. [ G o.eG o • .;~ 0.00 a.OD " «t4.11; !.7&l . ., • uu 2 57.IH 52.61 1"5.,,5 21.0q 208.20 30.19 0 
"5.&, 1 1.7£tjJ .1,::1 • a2 7 65.38 5q.5~ 1&3.02 23.61f 23".82 3 It. 05 '" "t,. S! 1. "32 1.81 .071 12.3& 65.65 171.6q 215.17 256.1& 31.52 41.15 1. '\56 2.~3 • D96 76.73 6q.82 186.86 27.10 273.76- 39.70 
lt8.81 1.q21 4.09 .1nl 82.71 7S.33 197.17 28
.5q 293.&7 tt2.59 
,.Q.9., 1.%7 S.2S .2:7 8&.72 78.92 203. "tt Zq.5:l lCG.57 " ... ft6 
52. J! ? Olt II 7.31 .286 ql. ti 3 $i2.85 207.92 30.15 320
.n "E.ltl 
51.:'v 2.110 0.8Q • J5;j • 21[i.91 3D. 59 330.02 ",.af 55.101j 2.18~ 1& • 14 ."23 • 212.08 30.7& 338.tt6 ,q.¥! 
5@.la z. 26 1 13.38 .521 • 212.93 30."8 ~"q.l" 
50. 2 
4!:I2.::I5 2 ....... 3 17.33 ~61}Z • 213.47 30.9& 
366.&1t '3 !.17 
." 
-2 
l> 
r-
TABLE C7-10 :a m 
SPECIMEN NUMBER.. "Ll-"59'"'1 
"V 
ALLaH 212tt-T851 0 
ORIENTATION_ lONGITUDINAL :a 
CONSTRA INTI UNSTtFFEfl.ED 
TEST TEHPEOATUREI 45J.:l I( oooj 
SPECI"EN THICKNESS I 11.51 ~" (.453 IN) 
DURING PRECRllC(IIIIGI 35.94 "PO SQRY(M) ( 3Z.1J KSI SQRT(tN)1 
A,HA.lF STRESS 
CQ4CK LENGTH DEL TA A· STRESS INTE N'it Ty FULL SEtTioN NET SECTION 
HH hi 
"" 
IN HPA SQRT (H. KSI SQRT lIN) "PA KSI HPA KSI 
39.42 1.552 0.00 O. DO Q O. CO DolO O.OG o. " O.lID 0.00 
,.~. J 3 1.li76 .&1 
• 3~' 59.,.2 54.08 1&3.01 23.20 219.11 31.78 
"1.2& 1.625 1.64 • D J 08.9] 62.73 11)2.27 26.43 252."& 36.61 
,.\. q, 1.&52 2.5] .100 1&.47 &q.&C 2QiJ.22 29.03 279.11 40.lt7 
"3.;2 1.713 1f.09 .161 83.82 76.21J 214.58 31.12 303.60 It It. 03 
" ... 97 1.770 5.55 • 218 qu.12 62.01 226.08 32.79 324.36 '7.g_ 
"&.81 1. B45 1."5 .293 • 233.99 33.q3 342.01 49. 0 1f!\.7] 1.918 9.31 .366 • 2 .. 1.1Q ... :'.Q8 3';;9.0Q 52.117 
51J.3~ 1. Qa" lil.1iI1 .432 • 244 ... 3 35.~5 370.09 53.67 
52.],] 2.059 12.88 .507 • 2'8.'g 36.02 393.S9 55.61 
5".2~ 2 .13 6. 14.62 .5&4 • 249.8 36.23 3q3.18 57.1~ 56.; 1 2. ZZ 5 17.0q .673 • 251.31 36.lt4 40S.86 58.8 
0;9.94 2.316 19.42 .764 • 252.05 36.55 417.61 60.56 
61.63 2.tt3" 22.4l • sa2 • 252.,. .. 3&.61 "32.73 &2.15 
64.Z3 2.529 2Ct.81 .971 • 252.47 3fi.61 ""s. le 6Ct.51t 
60&.~4 2.E3S 21.52 1.083 • 2'51.42 3&.46 457.9q 6E.42 0 i)q ... J 2.732 29.CJ7 1.180 • ~51.Dq 36."1 471.61 68.3q 
71.77 2.6l6 32.35 1.21" • 2 .. '3.&8 36.Z1 1083.t;1 10.12 I~ 7~. 20 z.8a2 33.78 1.33 U • 248.98 36.11 CtQ1.10 71.25 
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TABLE C7-11 
... ,.. 
~~ 
'" c: e", 
')P:::CIP'lErl NU'1IlE"', 31&-""56"1 ,..'" 
All Don 212"-T8~1 Z" 
O'nENTATtOtu TQAtiSVE ~'iE 0'" 
CONST"'AINTI UNSTJFFE "'EO 
",n _ :J: 
TEST TEHP(QI1 T'J5~E I 1"".:: -:: "',.. 
~?ECI~EN THIC(NES~' 11.~q HH (.~S6 IN) ... z 
~ I( tf1Ax ) DU~[N~ PRE
C~AC(lNG. 17.,,7 HPA SQRT(H) { lS.QJ (51 SORTfIN)) 1--4 n 
co'" 
II ~g Q A,HALF STf;lESS -4 
0 LOAD C 1') C"'ACJ( lENGTIi DELTA 1I STRESS nnE N'it TV FULL SECTION N
ET SElTION 
"" ~ (N ICIP~ t- ~ '1'1 :::- ~ ! N ..... IN MH '" 
HPA SQPT'"' (51 saRTIINI MPO xSI M.O KSI ...
~ 1.1~2 ~. 00 0.00 Q G.co D.Ja ~.OD a .. Ol 0.00 0.00 
0 
o.a Go .. : • j:J ~.=.o ...... 75 '" III 265.1 c"' ... " .. :; .1? q.o~ ",.1'.: 1.176 .",; .t16 33.11 3&1.13 82.81t 12 .. 01 11 9. Oli :.7.26 ,. 30&.S &e. i 25 ~ .. ~ 1 q.it. .1:} .. 1 i 1.If,~Z 1. C! 2 • :llo i3 ]Ij. q:l 32.&1 eQ.D8 12.92 lZS.7CJ 1".68 ,. llJ! • .,; 11.1 272.27 '!. ':.72 10.5. ~ 1 1. ~j !3 1.iF, .Ci4& 38.4Q 15. Q 3 CJS.31 13.82 137.98 20.01 
337. €I 1S.~ 2e3 • .,4 11. 10';' "1.~& 1.853 2. !1 .OQ1 .. 0.2& lEt. lEI 4 98.16 
14.21 11t3.71 21.84 
1:1 !50.E:. H.a :!!: ... 'H' .. 2. : C 101.iS 1.Al2 2.79 .1
10 42. t 7 18.l8 IJ1 .. 91i 14.18 149.91 2_.74 
0 3'54.3 1Q. fl :!11.3= ! 2. 57 4
8.~7 1.924 4.12 .162 Itl.27 31. '57 1il2.96 14.93 lr;3.4~ 22.26 
354.1 7Q. ;;, Be.':tlo 1 :!. 2S :;~.S~ 2. I): 3 &.13 .241 44.42 4).42 102.95 I1t
.9J 1'56.64 22.72 
e ];4.2 7Q.!] 3'") l. n : 1.91 52.82 2.CaC !J.07 .31a 45.5!t 41.44
 102.9, 14.Q] 159.11)1 23.18 
~- a ]54.2 7L-:> 381. '; 7 l~.J? ;::;. ~ 2 2.1Q" 11."7 • Lt36 
47.2Q 43.04 ID2.94 14.ql 16".91; 23.92 
, 154.2 7Q.o, 3Q~.7~ 15.7. S7.TQ 2.272 12.94 • C; t:i 48.41 44.e5 
102.:U 14.9'5 168.36 Zft.1t2 
, t !51t.l 7q. t~ 102'1.'>2 !E:.~7 '-':." 3 2.11\ l lS.7~ .&21 5:1.11 los.!;:,!: 142.QZ 14.92 173.76
 25.20 
" , 3SC.4 18.":! 4"~.b2 17.b~ &2.37 2 ... ,e; 13011 .713 5t.Ol 46.43 1&t.
84 14.17 17&.&3 25.61 
-
t II ]46.~ 7d ... 47i.]? 1". ~] &5.15 Z.5Sq 21. (dl • li2 7 
52.51t lt7.81 Ull.29 14.£:'1 11l1.82 2&.37 2 
31t6.~ 71. ", ~{!1. 3':; 19.14 &'1.':'2 2. f.1R 2'3.26 .916 53.
tO ft8.78 U J.57 14.58 185.6~ 2E:.92 » 
f • 
]43.'5 71.<;. ~31.qq 2;.'31 70.1] 2.785 2,.038 1.t'2] '51t.'37 51.': 3 
qq. lit. l ..... d 1qO.7, 27.65 
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e TABLE C7-12 ~ ~ 
:D 
~ 
-I 
II SPECIMEN NU116E.~1 STq·1t5'-2 ~ II ALL OYI 2124- T ~Sl , QRIENTATTOtu tClANSVE'ClSE 
f 
II CONst'lAIr'lt UNSTIFFEto.EIJ 
0 t
EST TeMPERATUREI lltle.G I( 
SPECI"E~ tHICKHESSI 11.37 "'" (.t.1t3 IN, 
~ I( ("tAll) OURlfl!i P~ECRACI(ING. 18.0~ HPA SORT'~I ( 1&.42 ~Sl SOQTIIN), 
, I 
r ~ A"HAlF 
Sf~ES5 
'C lOtLl) COl C
RACI( LENGTH DEL TA. A STRESS INTtNSITY FULL SECTION NET SECTION 
f 
<" KIP:; l- 3 "1"1 E- j HI H' IN HH IN HPA SQP:T (H) 1t51 SQRT( IN' MPO KSI "Pll KS I 
• 
II D.: ~ ... :. \.< 1 ). : '= 1 a., 2 .1t1'o o • C J ij oilOO J.Ci] ~.aG J.ao O.ilti 1i.
00 O. 00 
• 
1r;.Q J.< l. :' ) • : z 11. b!) .451 1. Cq .Qt.] 
·'tt .82 4.73 • -.;q 5.13 .7to ltZ.Q 25 •• 23. P .'2 12.71 • SOC 2.1Q .056 b. 2 6.12 33. "8 Ie. 8& 36.&2 5.31 
~ • 1&5.& 37
.2 34.6'; 1. l& 12.8C. .~a6 2.32 • ~9 2 '3.91 9. J2 "1.13 1.13 53.19 1.80 
• " 
Z13.5 "8.': 'o4.'i'l l.7l 12. sa J • 5~ ~ 2.311 .C91t 12.81 11.&5 &3.33 9.15 69.37 10. De \. 117.7 71.10 1;6. J? 2.61 12.&7 .r.qq 2.1& • Ooli Ii 13.89 17.19 94.27 13.61 l'~.O. 1".95 , 371.7 63. {;. 11\. II 3.)8 12.72 .501 2.21 .067 Z2.15 Zll.15 ,HO.Z8 15.Q'l 12 .6" 17.49 
" 
"50 7. F, 10Z.Q CJ".91! ".B2 12.6060 ."CJq 2.15 .::85 :n.2D 2".75 135.77 19.69 148.lt5 21.53 
f- 487.1 IOCJ.? C t.a. ~2 ft. : 1 12.71j .502 2.23 .gB8 Z9. :4 2;.'03 1'04.50 20.9& 158.10 22.93 512.8 U.5. J 12. e, '+.1010 13d2 .5012 2.,ij .(jl:ll) 3;).'-31 28.1 J ,5l·l5 22.!l& 166.80 2".19 f 521.S 117.2 1':J. n '0. n 13.5J .53J 3.(.2 .119 32.1;& 29.17 154. 1 22."" 110.26 2".&9 
I 533.8 1 ~J. J 21.0. lit It.9'' 11.71t .5" 1 3.23 
.121 33.07 1u .10 158.36 22.96 11".51t 25.31 ~ .. 
553.£0 12£0.10 3E.u1 13016 14. It4 .5&S 3.92 .15,. 35.17 J2.0G 16".20 23.81 181.q2 2E.3! 15'0 
~. 5b1.~ 127. S fo7 ... 5 Cj.79 1.5.13 .596 '0.6& .18 '0 
1&.97 ·B. ~'o tb'.2~ 24."0 11\7. "1 27.!8 8"'"' 
58&.7 131.'1 1; ... ltj 6dZ l11jd2 .&27 5.ltl .213 39.20 35.6~ 114.0 25. Zit 195.112 28. 8 
Sq5.lt 1 Bod 1].lt 3 6. :i3 l&.H .66& b.3q .25z 41.C] 37.310 17&.65 25.&2 lCJQ.19 28.91 -'" 
--&lu.2 137.2 35.E 7.29 17.54 .69C 7.02 .276 42.8& ]9.uu 181.i)3 Z&.25 20'S. 33 29.78 ... e &09.1: 13&.'1 q]. I!! 7.6! 16.)7 .72] 7.85 • JOg 43.81 H.87 18;).69 26.20 206.25 Z9.91 :;;:t:: 
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II 
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1\ 
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1\ 
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~ 
0 
L CAD 
., KIP'S 
t., 
B8.1t lc3:g 
2&8.9 60.'-
343.6 17. '3 
1t$5.C; laZ.4 
51!).'- 116.d 
&42.2 1 'tit." &86." 1 S". ! 
727.G 163.,. 
7&1.1) 172.5 
788.10 117. t. 
1qa.3 11Q.,> 
8DO.Q 16u ... 
sa ... 7 18l. q 
809.7 182 ... 
609.'1 162.1 
818.6 181o.J 
., 
Lo~n 
-<IPS 
,J.e 
90.7 
13 ... 5 
234.1 
3.5.:1.2 
35&.,\ 
374.1 
393.8 
401.2 
410. b 
411.7 
.. " 
2u.1o 
Ju .l 
52.6 
14.2 
fh~ .l 
84.1 
118.') 
9';.2 
92.3 
~2. Q. 
If (r1~ If I 
C3 ~l 
l-.i M"I [- 3 IN 
r. • .JJ J. CC 
1.21 .36 
~d ... :o 1.12 
JA.ltO 1.51 
'i"::.15 1.C)7 
5'1.5J 2. '4 
75.Q4 ? C)S 
81.91 3.22 
88.1~ J.47 
~5.6'3 1. 77 
IJC.. J'\ J.q" 
10 7.11 10.24 
11 E. bit ~.S9 
127.ltS 5.~2 
132.57 S.22 
11t!!.53 5. 8~ 
151).dO 6.17 
~ (~AX) 
Ol1 [-1 "''i E-3 IN 
.:.. H a.: c. 
"'1.1~ !.ZC 
121.l9 4.17 
ll1.7S '!.3e. 
2q8.&7 11.76 
.!2t;d6 12.0\3 
31t&l.19 13.55 
371.0.. 110.61 3I\~.£15 14.99 
l<:l;.d'J :,5.:;1' 
e.12.U: 1&.23 
SPECtME~ NUMaER, 
ALLOY' 
ORIENTATION' 
CONSTRAtNTI 
T~ST TEMPERATUREl 
SPECIHEN THICKNESSt 
OUiUtiG PRECRACI(INGI 
A.HALF 
CRACK LENGTH 
"" 
IN 
o.iZ • ?5& 
&.53 .257 
0.52 .251 
&.81t .2&9 
0.&& .2&2 
6.8& &.11, •
213 
.21 
6.~3 .213 
6.97 .275 
7. \I q .27q 
70lq .283 
7.61 .300 
8.21 .323 
8.91 .351 
9.2J .3G2 
10.29 .4DS 
10.72 .422 
SPECIMEN NUH9ERI 
AllO'tl 
ORIENTATIONI 
CONST~A INTI 
lEST TEMPERATUREI 
SPECI~EN THICKNESS I 
DURING PRECRACKINGI 
1.ttALF 
CRACIC lENGf'i 
'1"'1 It. 
103.87 
4".33 
1t6.&l5 
1t?3, 
46.0u 
1t6.2'5 
46.1t] 
1t7.20 
47.42 
47.q7 
4q.38 
1.727 
1.624 
1. AZ9 
1.Al5 
1.1311 
1.821 
1. I!2!i 
1 .. 856 
1.6&7 
1.158Q 
1.9ft" 
TABLE C7-13 
3T1-"59-2 
~124-T851 
TRANSVERSE 
UNSTIFFE ~EO 14 ... 0 t( 
1~.11 "P~ SQPTCHI 
11.~1 HH (.449 IN) 
I 12.84 KSI saRT(IN)' 
~TRESS 
DEL TA A STRESS INTENSITY fULL SECTION NET SECTION MFA .51 HH IN HPA SQRT CH' KS I SQRT lIN) HPA 
o • C l o. ilC 0 J.e;) 
.01 • JD 1 3.7" 
.01 .000 11.38 
.33 .013 1,..9il 
.14 .00& 1"1.48 
.3S 
·8'" 2~.55 .33 
• 13 Z .85 
.41 .D16 29.94 
•• 6 • il18 31.81 
.58 • C2 3 33.66 
.&7 .026 35.03 
1.10 .043 3&.51 
1.69 .067 38.il5 
2.40 .&94 39.65 
2.66 .106 40.74 
3.77 .149 43.12 
4.20 .165 44.49 
TABLE C7-14 
19.18 HPA SQRT IH. ( 
O.ij:;; ).00 
3.4l 26.10 
10.35 79.ltjJ 
13.56 Hl.S] 
17.7? 13ft.52 
2g.52 153.3~ 2 .34 18q.6 
27.25 202.72 
28.95 21~.&q 
30.83 226.67 
31.88 232.6" 
33.21 23S.16 
34 .. 63 236.52 
36.27 Z37.&5 
37.07 239.12 
39.25 239.18 
1t0."9 241.14 
2T2-lt'i3-2 
2124- T651 
TRANSVERSE 
UNSTIFFE ~En 
29lt.0 K 
11.3& HH (.lt47 IN) 
17.1t~ ~SI S~RT(I~)' 
<51 
O. O~ o. !l0 0.00 
3.78 27.3D 3.q6 
11.S1 B3.u5 12.04 
14 .. 72 10&.43 15."3 
1q.51 l1t0.84 20."2 
2~.~' m:g~ 23.3~ 2 • a 211.8 
2"1.,,0 212.6" 30.slt 
31.13 225.28 32.67 
32.87 238.05 3,..52 
33.17 21t ... &9 35."8 34.19 Z48.51 36.04 
3,..30 lSD.37 3E.!1 
34.4& 252.84 3~.67 34.68 25 ... 92 3 .97 
31t.ea 257 .. 00 31.27 
35.06 260.56 31.79 
STRESS 
FUll SECTION NET SECTIO~ 
HPd ~ST "PA KSI STRESS INTENSITY DEL TA A 
1'111 IN 
O. D!I 
2.41 
2.58 
2."8 2.110 
2.38 
2.56 
3.34 
3.56 
4.10 
5.51 
O.Q·JJ 
.DCJ7 
.102 
• oqe 
• aAt. 
• J~" 
• till 
.131 
• 1 .. 0 
• 11SZ 
• Z11 
MPA SQRt(1) KSI "iQRTtIN) 
':'.00 
li1.94 
16.25 
28.24 
39.&1t 
"2.99 1t5.18 
.. S.O& 
"".11 SY.63 51.7Z 
O.Gil 
C).C)S 
t ... 79 
25.7~ 
3&.08 
39.12 
41.11 
43.1 .. 
44.&q 
"6.08 
It? .07 
,j.on 2&.9Z 
39."" 69.IiO 
91\.Q3 
105.9" 111.06 
116.93 
119.13 
121.92 1ZZ.ZIt 
O. i)!l 
3.qa 
5.79 Iv.oe 
1,..22 
15.3& 
16.11 
115.9& 
17.211 
17.68 
17.73 
O.Oil 
3lJ.17 
sa.18 
101.12 
1'-2.1& 
153.99 
161.73 
171.'58 
175.18 
180.26 
183.32 
6.00 
5.&8 
8 ..... 
1".66 
2D.62 
22.33 
23.45 
2,..88 
25.44 
26.14 
2E .. 58 
"'''' ~~ 
~~ 
co c: 
li!l::O 
,.."' Z'"' e"' 
",n 
;:::;$ 
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:> lj! in 
_C! 
... -:;;:!ll 
." 
:2 
l> 
r-
:xl 
m 
"V 
o 
~ 
rl l=,~:. '~::==~=~,~.,." "'"_"""'M""''''''''~O",,'_~Th~<''''''-'''''''''~'',",,",''',"''':''~':,",:''''"K=-J'~"'"'~'&"',',~b"_""~"'"''''''''''''''''''''''''''''''''''''' ___ iiUl", ....... Wi.""'''_'M.,'''_,,,",,''' "",-~, .. ", ... "",,,,,.i;.'''!,~~.,,,, • .., .. ,,~,.~o.r. .... , _,;;~,,,,,,;,<i.;',,..,,.~,-c,,;';''''>.:.''''''''''~''''''''~''':~~ .. ~.,,,,,~ ...... ;....;·;......,.".:;,,, ..... -r-; ......... "" .............. ""'"',.'""'.-
F 
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, 
r 
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I r ,. 
~ 
i: 
r 
~ ~' 
~.' f ~ 
! 
~ 
r ~ 
~. 
, 
~ f. 
~ 
f , ' 
, 1 
n ~ 
1, 
i: 
II g 
I 
'" 
,. 
,. 
1:1 
0 
c: 
a ,. 
10 
1/1 
10 
~ 
i 
~ 
c: 
:! 
t'I 
1/1 
II 
0 
I 
I 
~ 
"Ii 
• 
~ 
II 
~ 
n 
I 
~ 
<N 
C ' 326:' 
711iD .. 0 
772.? 
7&,. .. t> 
aOC;.2 
B11.7 
818.t 
82".2 
826.lI 
82&.8 
<N 
u.c 
800.5 
837.b 
Bit 7 .. 6 
S1t7.7 
8 .. 3." 
LOAD 
KIP:; 
il.':' 
73 .... 
IM.b 
173.& 
17b.4 
181.9 
18Z.j 
11!3.g 
l8S. i 
1db.l 
18S.Q 
LOAD 
I(TP;, 
a •• 
1 ~C .. 
188. 
lQC. 
lq~. 
tdq. 
K (IoIA)O 
CO) 
£- 5 :o1!'1 £- 3 IN 
~.J:J ;j.te; 
"{,.11 1.'-,2 
1!€I.9'\ :..&1 
123.31t ".B& 
11".';;6 5.28 
1 .. L.,10 5.57" 
1 .. 7.~J 5.79 
155.:n i).11o 
111 1 d2 E.45 
11 J. ill) n.72 
175.23 11.90 
l( (H,h:) 
co~ 
r- J M~ E-~ I~ 
. , 
11:~~ 
')7. ~Ii 
:.G ~.11 
Ie 7 .1& 
11 J. S;C; 
,J. :.: 
3.'>1 
]."f. 
It.Lf. 
it.22 
".it7 
SPEr;IHEN NUI1BERt 
ALLOY' 
ORIENTATION. 
CONSTRAINH 
TEST TEMPERATURE I 
SPECIMEN THICKNESS. 
DUQtN~ PRE CRACtC.INGI 
A~H4lF 
C RAC l ENr;TH 
MI1 IN 
s. u a .315 
8. (J? .31& 
A.1a .31CJ 
13i.23 .324 
6.71 .31oC5 
8.Qj) .11j0 
9.2l .3&2 Q.&5 .36 il 
U.J; .39& 
10.H • Itoq 
10 .60Q .1+21 
'iPE(:tl't€:N NUHiH.RI 
AllOYl 
ORIENTA nON, 
r::iN$lQAtNTt 
~~sr rEI1PERATUREI 
S~EcrMEN TH[CK~ESS. 
JURING PRECRACI(INGI 
A.HAlF 
CRaCI( lEN(TH 
"'.. IN 
5 .. 5'1 
60 .14 
60.20 
&.'+3 
b.&'i 
7 .. 12 
• 21 q 
.242 
.21t1t 
.253 
.2&3 
..2i3G 
TABLE C7-15 
16.96 HP~ SQRT (HI C 
'5Tl-4S&-1 
212 .. -T851 
TRANS\lE FSE 
UNSTIFFEflEO 
2Q ... : K 
11.22 HH ( ..... z IN. 
15 ..... Kst SORTCIN)' 
Sf RESS 
[jEl TA A STPESS INTENSITY FULL SECTION NET SECTION 
HH TN HPA SQRT (H) KSt 'iQRT (IN) HP" 
u .. OO o. 000 ti.DO 
.02 • uu1 15.56 
.10 .. 00" 35.97 
.23 • DOg 31.::>'+ 
.76 .030 39.1& 
.8' .0315 411.&9 l.Z!) • li47 41.51 1.65 .0&5 42.87 
~.Olt .081 1t4.07 
2.3Q .DQ4 45.04 
2.6CJ .10& 1t5.&1 
TABLE C7-16 
12.77 HPA SORT (HI ( 
O.Dil 0.00 
14.18 97.gg 
32.73 2Z5.~4 33.9S 231. q 
3'.60~ 235.51 
31. c 3 2,.2.'10 
37.78 2"3.&5 
::!q. Q 1 2ltlj.1j3 
"U.l1 Zlt1.41 
4D.IIl" Zlt6.,1t 
41.'j1 248.19 
3T 7"'459"'1 
21Z4-T~Sl 
TR4tjSVERSE 
UNe:; I IFFE NE 0 
2QIt.Ci It 
11.';4 HM (.ItS8 IN. 
11.&2 ~SI SORTIINI) 
.ST HP" .SI 
O. oJ.] D.OC! o. DO 14.21 1C3.5g 15.02 
32.65 238.12 3,..5] 
33.6L 2"5.3Q 35.5i 
31t.15 250.2a 36.2CJ 
35.22 258.31 31.41 
35.33 259.74 :H.&1 
llj.61 262.6il 38.u8 
35.88 2&5.35 3a.itS 
36. aft 2&7.Z" 38.75 
35.99 2&1.,.3 3 e. 18 
STRESS 
OEL fA A STRESS INTENSITY FULL SECTION NET SECTICN 
HH IN HPA SQRT(") I(SI SORT(IN) HPn ($1 HPA (~j 
~. G£i '}. DC t :;. Ci U J.Du O.DG O.O{' O.~~ C.Da 
.51 .e22 32 .. 16 2~.2€. 231.29 33.54 241.Z6 34.9'1 
.63 .025 33.81 30.17 242.02 315.10 252.155 36.;2 
.8';; 
• .34 34.84 31.71 244.9& 3-;:.51 255.97 37.12 
1. 10 • ~4 3 35.51 32.3~ 244.93 35.'i2 2-5&.45 37.19 l.5e; • Of, 1 36.48 33.2~ l43.5f: 35.32 255 .. fJ2 37.1 a 
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S 
1:1 
I 
~ ,. 
1:1 
1:1 
t:: 
a ,. 
~ 
1/1 
Ii 
III 
i n I ~ ~ 
l N 
~ 
II 
n 
i 
I 
OI! 
oc 
II! 
I> 
\I 
'1 
LOA) 
<N KIP') 
D •• LI ... 
469." l1D. ,; 520.1 111 ... 
'5~.! 12';.5-
582. ! 11C. -3 
61 •• 6 133. C 
&31.15 11t2 • .. 
651t. (; :. .. 7 ... 
6£18.~ l~C • .? 
&a4.f' l;le ... 
6q4.3 15&.l 
7ta.f.J 1513.7 
718." IM.'j 
72&.2- 1&3.J 
128.1 163.7 
731.1 16".3 
731:.3 1610.2 
124.8 162'.Q 
721t.7 lE12. ~ 
". 
lO.\U 
ICIP~ 
0.0 
3,.9. 11 
397.g 
4lt3.1i 
S55.6 
&04.9 
oCt".] 682.5 
113." 
73~."J 
759.0 
77Z.~ 
782.4 
769.6 
792.3 
791.1 
]q 1.1 
0 •• 
78. 7 
a':l.~ 
,Q.7 
12 ... i 
13&.';;' 
1,,4.Q 
153.1t 
16J. It 
1&5.1 
170.6 
173.1 
17'5. :j 
177.6 178.1 
117. ) 
177. :; 
TABLE C7-17 
SPC::::IHEu MJ"IIJEQ!I 1 T7-ftS3·J 
i!l,LLOYI 212Li-TSS1 QRtE,UIIoTIONI TRANS"!:: !''5!:: 
CONST~HNTI UNSTIFFE PI-€:O 
TEST TE"PE~ATU~EI !tSu.· I( 
SPfCI~EN THICKNESS' 11 ... 4 MI1 (."-sa IN) 
l( (,..,,)( ) ou~tN; PwEC;.\CKINGI 39.29 HPA SQRT (H) ( 3S.7& ~SI ~~RT(TN') 
A.H4LF STRESS 
CD') CRACI( lEIliGTH DELTA A STRESS INTENSITV FULL SECTION NET SECTION 
f-1 1111 
J • ~ ~ 
~7q.!1 
~3<t.. n 
~·:i2.1.1 
fllt.B 
f, 1::1 Ie." 7 
7!..; .6il 
771.:1 
,<1,2 Ii • 92 
i'l77.7Q 
Qlt;.l~ 
1':v6.f>2 
1 .. ('':.'''? 
11 .. ~.?" 12'J2.q~ 
1?73.'"3r; 
1~ ..... 72' 
lltGF...7r. 
1~3q. '\; 
r:n'" 
E- j IN 
"" 
IN 
G. ii!:i r..b.13 1.,He 
1 Ii • .1\ 7 ft6.Z1 1.81q 
2 t. : S 'o7.oJ 1.117~ 
Z2.q2 'o7.o~ 1.s17 
21t. ~~ 1t'3.qg 1.9Z'-3 
,'n. qlt Itq.l;] 1.941 
17. S8 4Q.lt3 1.940 
1::;. :,q 51.11 2.012 
J2.5;:> 52.31\ 2.062 14.;& 53.1t'" Z. 10 Ea 
3£:.33 54.3-1 2.1"1 
!::I.63 ;6.31 2.21t2 
41. -Jq 1i1\.64 2.3;) q 
"50.13 bO.H 2.4:11 47. ?f &2.81 2.47l 
c; L1. If, 64. ~5 2. '35 7 
,2. 'llt 67.25 2:. C .. g 
51j.3f1 0~.~!J ~.73q 
"0. ~2 n.36 2.B6d 
SPECIMEN NUP1 rIERI 
4LLCYI 
ORIENT4f[ONI 
CONSTRAINTI 
TEST TEHPfPATU'lEI 
SPECl~EN THIC~NE5SI 
K(~A1) OU~I~~ PRECQACKINGI 
A HALF c.uc~ LEfl.GTH 
[-1 M"i f-3!fJ ~H IN 
: ... j 
do:.r;:'1 
272 .. 8] 
3l5 ... ! 
Itl'l.;; 
"0 ... 23 
C;;?'l.Jo 
S7Q. H 
f ~r.. f,? 
OS.3tl 
751t. fiG 
816.,,;. 
B~1.~1 
"I" '" Q ! .10 
H33.Qp, 
lCS'.'ll 
u. :u q.:a 
H.71o 
12.4';;' 
16.213 
lB. ?8 
2J .. !\3 
22.13 
2'). VI 
27.38 
2:J.71 
~ 2.15 
14.71 
!6. ,5 
~8.71 
ltil.71 
Col. ~7 
'31.iJ 
34.2'5 
35.11 
3'5.!7 
3&.23 
1(,.1; u 
38.22 
38.71t 
40.27 
41." 7 
42.6015 
.. It.; J 
46.62 
.7.68 ~O. a 
52. Q 3 
52.1j/3 
1.319 
1.31tCJ 
1. !d3 
1. "12 1.427 
1.""1 
1. SGS 
1. Il2S 
1.565 
I.B:' 
1.679 
1. ?'53 
1. ~36 
1.611t 
1.96CJ 
2.11ltq 
2.013 
"" 
IN MPA SQRHH} <SI SQ~TCHU 
O.CiO 0.000 O.GO 0.00 
.08 • C ~ 3 58.48 53.22 1.~1 • (:5 8 63.40 57.7iJ 1.515 • eft, 1 68.03 &1.91 Z.~b .113 72.20 65.71 
3.17 .lZ5 76.55 1]9.&6 
3.30 .13" 78.78 71.69 
4.98 .1'16 IU."t 75.q~ 
b.25 .2"6 8&.&J 78.11" 7.35 .290 qU.1I4 81.q4 
8.2'7 • 325 92'.34 6~. Q l lli.51 .426 • 12.52 • 4q 1 • 14. 615 .s!}, • 16. &q • 6~ 7 • 18.82 .7'+1 • 21.13 .812 • 23.'+5 .q23 • 21.23 1.072 • 
TABLE C7-18 
IT5-459-1 
212,+-T851 
lP~NSVE lOSE 
UNSTtFfEt.lEr'J 
45C.J I( 
11.~7 "" (.452 IN' 32:.82 HPA SaqTU'l) « Z9 87 I{SI SQRHINll 
"PA <SI "PA <SI 
0.00 O. iJll O. i):l 0.00 
1,.4.23 2'0. q2 209.4& 3a.37 
1~3.41t ZZ.25 225.91 32.76 
164.48 23.85 24Z.36 35.15 
171.51t ZIt.88 256. rl! 37.1" 
181.13 2n.27 211. 2~ 39.3~ 18b.lli 26.qq 279 •. J 4u.1t 
192'.75 27.95 ZC)4.U C.Z.6ft 
196.9ft 28.5& 30ft.38 41t.lft 
al.ft3 29.27 31'l. 'i6 4S.7£. 
2'0,..61 29.67 323.J1 46.84 
2D9.l9 33.3& 339.74 49.27 
211.73 30.70 350.D9 50.77 
214.02 31.114 363.31 52.69 
21,..58 31.12 372. B8 53.96 
215.'+5 31.24 333.1'+ 55.5E 
215.2" 31.21 393.Et; 57.09 
213.62 3Q.98 402'.21 1S8.33 
213.58 lO.Q7 422.'+0 61.25 
STRESS 
FUll SECTION NET SECTION 
HPA t(S I HPD. KSI O~lTA Do STRESS I~TEN~ITY 
"'1'1 IN 
Ii.Oil 
.75 
1.63 
2.37 
2.13 
3.1i] 
1t.7Z 
5.24 
b.76 
1.9& 
9.15 
11.03 
13 .12 
14"8 &.5 
18.'53 
19.16 
a. e.o 0 
• C3 ij 
.. "6e. 
• aCJ3 
.10 IS 
.122 
.186 
• ZJ & 
.266 
.3110 
.3", 
• 1t34 
.517 
.555 
.650 
.730 
.7'i4 
HPA SORTCH) KSI SQ~l (IN) 
O. Q 0 
34.85 
loJ.22 
45.3t. 
51.16 
62.59 
68.38 
73.0 , 
1«s.DI) 
81.80 
66.~ 1 
dq.89 
• 
• 
• 
• 
• 
~.co 
31.72 
J6.60 
'+1.26 
5Z.02 
Sft.96 
&2.23 
66.44 
71.06 
14 ..... 
78.27 
111.81 
J.an 
UZ.75 
116.86 
13il.25 
lo!~ 16 
177.6& 
18'1.24 
20.].46 
2aQ.51 
~!t~r 
Z26.IJO 
229.80 
231.97 
232.11 
232.35 
232.36 
a.ill: 
llt.qe 
1&.C1, 
~I:~~ 
25.76 
27.4't 
29. J1 
30. l~ 
31.2111 
32.31 
32. ~o 
33.32 
33.64 
33.15 
33.70 
3J.70 
0.00 
133.58 
'53.'0 111.7& 
215.88 
235.80 
251t.86 
271.25 
21l7.S0 
m:~~ 
321t.13 
335.03 
3".09 350.91 
357.76 
360.13 
0.00 
HJ.37 
22.20 
Z".91 
31.31 
3".19 
36.9& 
39.3 .. 
41.(1) 
.3.~0 
.. 5.36 
",7.09 
1t8.'58 
09.'2 Si).89 
51.88 
52.22 
!i 
~~ 
!!ii 
.. m 
:ziti COn 
:::5 
... :z 
~ti !!l~ 
;! 
... 
0 
'" 
:i§ 
{n 
':'E!l 
... -:o:t:: 
'TI 
-2 
:J> 
.... 
~ 
m 
"U 
o 
~ 
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J'" 
~ 
~: 
£; 
t 
~ 
" ! f 
f 
I 
" r 
rr , 
~ 
ll'-
i ~ !: 
1 
! I! ~ 
~! ]" I 
, 
~ 
l , 
~! ..' ,~. 
i 
6 , 
~ 
I 
~ 
g 
i 
.. 
• 1/1 
~ 
i 
E 
c:: 
:! 
:I 
1/1 
C'l 
i 
! 
i 
"II 
• 
: 
II 
.. 
C"l 
I 
~ 
w 
LOAn 
<N 
& .. :; 
182.3 
zaB.l 
..... 2.3 
500.3 
608./\ 
&It].l 
&1)3.'9 
723.~ 
lltq.1t 
717.1) 
767.R 
Ie IP~ 
, .. 
"1." 6",.11 
qq.1t 
l1Z.5 
136.Q 
l ..... b 
150cou 
1ft2.7 
1&8.-:' l' ... ..J 177.1 
",HU' 
COO 
f-! ~"' e:.-l ttl 
JoG) i; .. ~ Co 
&(0.54 2"~'4 
lGlt .. ult c..Hi 
!6C:.1F. E. Ii] 
l'l7.6i\ 7.78 
2lt8. :H\ ~.P,( 
2b7 .. t5 LO.'32 
Zq5 •. ~1) lloOb] 
31h.&2 12.41 
33J ... !\ ! 3. 11 
~1j1l.l1 14.11 
3&!t.H 1 to. 4~ 
SPECI~£t4 NUMBEQI 
Al.lOY! 
ORIENTATIONI 
CONSTRAINTI 
TEST tEMPERATURE I 
SPECr~EN THICKNESS' 
OU~ING PRECRACKINGI 
A.,.,"lF 
CRACK LENGTH 
"" 
TN 
lq .. l~ .. 71; 1 
1'1.56 .. 771 
1'1 .. & II .775 
19.7& .178 
23.lt4 .MS 
20 .. 31 .. 800 
2.3 .. 31t .. 60 1 
20.3l .. ROD 
23.55 .. 1109 
2J .,6 .6il9 
20.91 .823 
21.0& .629 
TABLE C7-19 
lQ.71 HPA SQRf IHI I 
?T4-4ljf:-2 
2124-T851 
TRANSVERSf 
UNSTIFFENEO 
I,SO.U I( 
11.37 "" (.441\ I~) 17.94 KSI ~aPTIIN» 
srRESS 
DEL T4 A STRESS INTENSITY FUll SECT ION NET SECTION 
"" IN "PO. SQRT 1M) I(SI SQRTHrH "Po. K5I "PO. I(S I 
Cr.GO o. G" D O.Cl a.Gt D.Oe. OouO o.OG 0.00 
.20 .00 B 13.S3 lij:J~ 53.lJ9 71!!l 62.19 9.02 
.30 .012 21.46 85.37 12.38 98."1 1 '. 27 
.38 • Cl tj 32.99 30.02 130.99 19. Oil 151.09 21. c31 
1.&6 • C42 37.99 34.57 146.15 21.«15 171.81 24.91 
.95 • C37 "6.D e 41.Q4 180.29 26. lit 208'18 3~.29 
.9b .038 46.72 44.34 UIl.51 27.63 220. 5 3 .01 
.95 .037 52.53 47.80 2D5.ftQ ZIJ.S!J 238.08 3".53 
1.17 .046 ~~.G9 S:J.llt 214.27 31.07 21t8.70 36.06 
1.18 .11 .. 6 1j7.o17 lj1..q,. 221.9f 3Z'.1':1 2,7.62 37.36 1.53 • Of, 0 50).77 5".39 230.3 33. It1 266.13 36.88 1.68 .066 bO.1b 55.2Q 233.30 3'3.83 271.86 311."2 
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FRACTURE MECHANICS DATA FOR 
2lTl4-T861 AND 2124-T851 
140 
120 
100 
80 
Stress 
Intensity, 60 
MPa viii 
40 
20 
o 
o 
FINAL REPORT 
Crack Extension, 6a, inch 
0.5 
o 
o 
o 
8.0 16.0 
o 
1.0 
o 
• 
o 
o 
24.0 
o 
1.5 
4L5-459-2 
4L1-456-2 
5L1-453-1 
o 
c 
c 
32.0 40.0 
120 
100 
80 
60 
40 
20 
o 
48.0 
.oCEl153 
October 1914 
$cress 
ldtensity, 
ksi lin 
'~ 
Crack Extension, M, 11111 'I 
;l 
., 
1 
,j 
1 
., 
1 
Thickness: 11.47 mm (.450 inch) ,j 
I 
Orientation: Longitudinal '! ~ 
Temoerature: 144°K (-200°F) :j 
~ .~ 
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Crack Extension, Aa, inch 
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o 0 
o 0 
16.0 
1.0 
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Crack Extension, 1Ia, inch 
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Crack Extension, 8a. inch 
0.5 1.0 1.5 
o 3T7-459-1 
• 5Tl-456-1 
o 2T2-453-2 
MPa rm 
If 0 
40 In 
'( 
20 
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2024-T861 AND 2124-T851 
o 
140 
120 
100 
80 
Stress 
Intensity, 60 
MPa Iri1 
40 
20 
o 
00 0 
0 
Crack Extens f on, lIa, inch 
0.5 1.0 
o 4Ll-459-1 
o 4L9-453-1 
a 4L6-456-2 
OEl 
a,. 
0 
~o 
p 
8.0 16.0 24.0 32.0 
Crack Extension, ua, mm 
Thickness: 11.47 mm (.450 inch) 
Ori entat i on : Longitudi na 1 
Temoerature: 450 0 K (350°F) 
1.5 
40.0 
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120 
100 
80 0 
0 
0 
Stress 0 
Intensity, 60 o. EI 
MPa ;m 8 • 
0 
0 
o. 
40 • 0 
P 
20 
o 
0 
0 
0 • 0 
• 
• 
• 
• 
8.0 
• 
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Crack Extension, 8e, inch 
0.5 
16.0 
1.0 
o 5T4-456-2 
• lT5-459-1 
o lT7-453-3 
24.0 32.0 
Crack Extension, 8a, mm 
Thickness: 11.47 mm (.450 inch) 
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1.5 
• 
40.0 
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CYCLIC FLAW GROWTH TEST DATA 
MIlC Ell53 
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This appendix presents all the cyclic flaw growth test data generated under 
the program. Because of the great quantity of data. it is divided into sections 
according to alloy. specimen thickness. and test frequency as follows: 
Section 
D1 
D2 
D3 
D4 
D5 
D6 
Test Frequency (cpm) 
200 
200 
200 
20 
200 
200 
2024-T861 
2024-T861 
2024-T861 
2024-T861 
2124-T851 
2124-T851 
2124-T851 
Nominal Specimen 
Thickness 
nm in 
1:60 :063 
3.18 .125 
6.35 .250 
6.35 .250 
6.35 .250 
11.43 .450 
The data in each section is presented in both graphical and tabular format. 
At the beginning of each section. a summary table is provided in order to corre1atr 
the tabulated specimen data with the appropriate graph. The data tables themselves 
consist of printed computer output in which the flaw growth rates are reported in 
modified scientific notation. That is. a flaw growth rate of .7634 x 10-
3 mm/cyc1e 
is reported as .7634 E-3 nm/cyc1e. etc. The flaw growth rate (da/dN) and stress 
intensity (t.K) data reported in the tables were obtained using the tE!l.hniques 
described in Section 4.2.1. The data tables also designate which crack length/cycle 
number readings were obtained from 16mm motion picture film measuren~nts; such data 
is preceded by the 1 etter "F". 
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TABLE 01-1. SUMMARY OF SPECIMEN TEST 
CONDITIONS FOR 
Test 
Temperature (OK) 
298 (Argon) 
Stress 
Ratio 
.05 
.50 
.05 
.OS 
.50 
.05 
200 CPM TESTS OF 1.60 mm (.063 INCH) 2024-TB61 
Constraint 
Stiffened 
Stiffened 
Unstiffened 
Stiffened 
Stiffened 
Unstiffened 
Test 
Direction 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
0-4 
Specimen 
1. O. 
63-1Lll 
63-SL3 
63-4T4 
63-5T5 
63-1L6 
63-2Ll 
63-STlO 
63-6T4 
U63-SL 1 
U63-4L3 
U63-ST9 
U63-6T6 
63-6L 1 
63-2L9 
63-4L2 
63-ST8 
63-3T2 
63-fiT8 
63-2L6 
63-1Ll3 
63-2L 10 
63-3T7 
63-4Tl 
63-3Tl1 
U63-2LS 
U63-2L2 
U63-1L4 
U63-4T2 
63-ST8 
Ufi3-4T3 
U63-3TS 
Data 
Table No. 
01-2 
01-3 
01-4 
0-15 
01-6 
01-7 
01-B 
01-9 
01-10 
01-11 
01-12 
01-13 
01-14 
01-1S 
01-16 
01-17 
01-18 
01-19 
01-20 
01-21 
01-22 
01-23 
01-24 
01-25 
01-26 
01-27 
01-28 
01-29 
01-30 
01-31 
01-32 
MDC E\l53 
October 1974 
Fiqure 
No. 
01-1 (a) 
Dl-l(a) 
01-1 (b) 
01-1 (b) 
01-2(a) 
01-2(a) 
01-2(b) 
Dl-2(b) 
01-3(a) 
Dl-3(a) 
01-3(b) 
01-~(b) 
Dl-4(a) 
Dl-4(a) 
01-4(a) 
01-4(b) 
01-4(b) 
01-4(b) 
Dl-5(a) 
01-S(a) 
01-S(a) 
01-S(b) 
Dl-5(b) 
Dl-5(b) 
01-6(a) 
Dl-n(a) 
01-6(a) 
01-6(b) 
01-6(b) 
01-n(h) 
01-6(b) 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T8~1 
Test 
Temperature (OK) 
298 (Wet Ai r) 
422 
450 
478 
Stre5S 
Ratio 
.05 
.05 
.05 
.05 
.05 
.50 
.05 
.05 
FINAL REPORT 
TABLE 01-1 (CONTINUEO) 
Constrajnt 
Unstiffened 
Stiffened 
Unstiffened 
Unstiffened 
Stiffened 
Stiffened 
Unst iffened 
Stiffened 
Unstiffened 
Test 
Oirection 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
Specimen 
I. O. 
U63-2L12 
U63-3L1 
U63-2L13 
U63-5T2 
U63-5T6 
U63-3T3 
63- 3L3 
63-2L7 
63-4T9 
63-5T4 
U63-4L1 
U63-5T3 
63-1L15 
63-6L4 
63-3Tl2 
63-1T1 
63-1L1 
63-2L15 
63-4T7 
63-3T10 
U63-3L4 
U63-1L9 
U63-6T3 
U63-5T7 
63-1L8 
63-6L3 
63-4T6 
63-4T12 
U63-1LS 
U63-4T8 
Oata 
Table NQ. 
01-33 
01-34 
01-35 
01-36 
01-37 
01-38 
01-39 
01-40 
01-41 
01-42 
01-43 
01-44 
01-45 
01-46 
01-47 
01-48 
01-49 
01-50 
01-51 
01-52 
01-53 
01-54 
01-55 
01-56 
01-57 
01-58 
01-59 
01-60 
01-61 
01-62 
MOC El153 
October 1974 
Fi qure 
No 
01-I'i(a) 
01-Ii(a) 
01-6(a) 
OHi (b) 
1)1-1' (b) 
01-li(b) 
01-7(a) 
01-7(a) 
01-7(b) 
01-7(b) 
01-9(a) 
01-10 
Dl-7(a) 
01-7(a) 
01-7(b) 
01-7(b) 
D1-A(a) 
D1-A(a) 
01-R(b) 
01-A(b) 
D1-q(a) 
01-9 (a) 
01-9(h) 
01-9(b) 
01-7 (a) 
01-7(a) 
01-7(b) 
Dl-7(b) 
01-9(a) 
L;-9(b) 
f 
I ~ 
f 
I 
! 
I 
I 
! , 
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KIIUMI 
CPACII L£~GTIi 
HH 1'1 
II.!~ ,IZ~ 
~. q. ..j.,,, 
17. ~. 
I ~.?: 
t 'l.l~ 
,!., <Z 
~Io. 1 It 
2';.11, 
l~ ,'" 
~ 7.1'1 
J~.t : 
!I.P 
J2, ~~ 
J'>,"" 
H.'>ft 
I'. ~5 
!'l,ti? 
"I, ?1 
"l. ft= 
....... <; 
.. f,. "6 
.11.<;1 
'> I.~! 
~J. "r 
So;.11 
ifl.1;1 
~ ft. liP 
" ... '10 
,1'1' 
,c 1~ 
,'If 
.'.11 
.f,"" 
,'/I" 
,~ I~ 
• 1~~ 
. r~., 
I •• ,,~ 
:.: 1< 
I."~: 
I."": 
I.~H 
I, '<;t 
I .11o~ 
l.ll'> 
Z. 1 ,~ 
?ZZo; 
t, 11~ 
l."~~ 
?<;o;<; 
CVCL~~ 
1 
'" 
Hlt, 
n21 
?1£0!> 
~,,~ ~ 
? 17 ~ 
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TABLE 01-2 
60.eo HPA SOqTCHIt 
'1El UUI/!lI"UAtNI 
""/CYCLE tN/CYCLE 
• 16!"£.~] 
.'114 .. £·0] 
.114~£-Ol 
• lJ<;I£·. z 
.110;t[·C2 
.1'I'Il~·~Z 
.22~1r-02 
• ze<;~E-~Z 
."zl<;r-cz 
.~'IH£-~Z 
• .... t~£-c Z 
.1""'1£-02 
• o;fo1~£-C Z 
... ~t"f-OZ 
."~~.f·CZ 
• "Io<l5f -e .. 
.73~H-C2 
."17H-~2 
.""'If-'? 
.ll~b£-[ I 
.1221£-al 
.1'I<;'oE -t 1 
... J'i .. r -~ 1 
• lQJ:( - .. 1 
• ;>1.lo;E -c 1 
.])'oU-CI 
.'o211E-~ 1 
,"~'Zf-Ol 
· ''''ZJE-'I 
.611n-~1 
.1173£ .~l 
.tl1ertOO 
.16<;tr.~O 
.]""$E·~t 
• J3n£t~C 
... n2"r '00 
• '>50n.0; 
,6QIl'irtOt 
.'1<;Z'i£tOC 
.01QEtOI 
.11"U'Q 1 
.13'11[tOI 
.1l,>U_Ct 
.leitE_Ot 
.l .. urt~1 
0-6 
.'006£-010 
.3&00£-0" 
....... 7E-GIo 
.00!1QE-OIo 
.f>8QlE-II" 
.1833E-lllo 
,8~qIoE-0" 
,UllE-Ol 
.IUo;E-Q] 
.tb'lE-:;' 
.1t,,'jf-~1 
.173'1£-01 
.1'>&2E-0] 
,?2]"f-OJ 
.1II11E-01 
.2511£-01 
.l.''>'HE-O .1 
.Z871(-03 
.3211£-0) 
.Hl.'qE-Ol 
.!H"'lE-03 
,"lItl£-U 
.Hq"£-03 
• qz"'E-Ol 
.IUH-"~ 
.IU"E-Ol 
.1l00f-Ol 
,1661E-OZ 
.1I00E-0l 
.11100E-n 
.2&61£-Ol 
.0;'ODE-1I2 
.100DE-Ol 
,6O;OU-02 
,HODE-Ot 
.!lOIlE-at 
• 1900E-1I1 
.U67E-Ol 
.Z1O;'E-U 
,31'Jn-01 
.1oZ'J0E-01 
'''O;OO£-Ot 
.'!>'!>00£-01 
.15'110£-01 
,UIIO£.OO 
.q"CE-h 
DEL tll';TIlESS 
I'IPI SOPT fHI 
t8.61 
19.1" 
19.6':. 
20,l5 
lO.a.. 
21 ... 6 
lZ.01 
ZZ .67 
2l.ZIo 
20;,]5 
~'i.90 
2r. ... 2 
Z6.'1t 
27."" 
211.25 
19,111 
30.09 
H.O' 
31. en 
n.61 
]].56 
3 ..... 5 
1'5.11 
]6.02 
n.'12 
31.6Q 
n.'" 
19,310 
IoC.O'5 
.. 1.00 
"1.G7 
U.II'!> 
..... 0 .. 
"'!>.30 
"6.'>6 
,,'.'S1 
"II.!M 
"'11.8] 
'10.IIQ 
'H.70 
'!>2.116 
0;".113 
'!>6.91 
INTENSlTYI 
IIS1 SOPllllU 
It..'n 
17.112 
17. e'i 
18.'01 
18.'1& 
1'1.n 
2n.Oq 
23.603 
21.10; 
21.1',11 
22.1'1 
2L'.61 
2 S. ~1 
ll.57 
2 ..... 11 
l.''>.01 
2,>.11 
U .. 51 
H.le 
l8.11 
2Q.<l1 
2Q.7] 
la. S .. 
31.10; 
]Z.O" 
3l.18 
n, fit 
"'.30 
]~.11 
]".8G 
n ..... 
]1. Jl 
U.l!I 
]9.111 
100. 08 
"I.U 
"2.37 
.. hl" 
..... 18 
"0;.10-
.. ~.u 
.. r. 00; 
"11.10 
"9.8'11 
'11.111 
MDC El153 
Otlober 1914 
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FRACTURE MECHANICS DATA FOR 
21124-T861 AND 2124-T851 
1". 3~ 
I!. I~ 
: ,~. ~~ 
'" 
.r I ~ 
.(IIUI 
CRACK l£MGT", 
"" IN e.le .no 
•• 90 .150 
<:I.U .HI 
111.16 ,1000 
la.58 .lIt6 
10,'11 .11311 
11.110 .Ioll 
11 ... 0 .~Ioq 
1ol.n .It'li 
ll.r" .'513 
13,0;6 .'51111 
110.100 .'567 
IS.06 ,0;'1.1 
1':1.711 .611 
16.36 ,6'" 
16.\'1 .669 
11,'10 ,111'5 
111.1)2 .7l'J 
19.31 ,'63 
l';.P .~:~ 
~ I ,I j •• ~ ~ 
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TABLE 01-3 
~ .. rCI"EN NUl'lf'EIU 
ALLOY TYPE I 
;~r:: ["Pi O"'IENUflONI 
CflNSfQI'IINT I 
ENVr~ON"ENTI 
fESI T[ItP[IIUUIl[1 
"'ECINtll THICKNESS' 
116 _'''UI' Q~~~n6: 
r"EO'JENCY I 
;:'~Lrs Ttl fULUI1[, 
CYr.L~~ 11I111'1Q TO FAILUIlEI 
"':Lt~ , 
" , 
1'''1 
11~ , 
1'111 
.1IJ"f-~2 
.1q~'1f-~Z 
.Ut1f-Cl 
.2l<;<;F-Ol 
.1111F-~" 
.1'1HF-Cl 
.b'lb7f-:Z 
.o;Z~ZE·vl 
• 7fltlo' -t 2 
.1~blE-Jl 
• l1'>;E-H 
• I Sbr.r-u 1 
.~~nE-04 
.7St1E-~4 
.1I711E-01o 
.1111'11£-0" 
.1l'i2E-0 3 
.lssaE-G] 
.UIo2E-03 
.2~~QE-~l 
.HOflE·Ol 
''''HE-Cl 
.IoSME-~ 3 
.HF,1E-J3 
TABLE 01-4 
C'ClEl 
." 
'" noll 
1319 
1114'1 
1'l7! 
11e1 
Ill'" 
ltOIo 
22'i] 
nfl' 
l .... 1 
lHO 
lUI 
2'ln 
HII 
llltit 
nu 
lOI,. 
lelT 
ot"/g~~l~ tA"DEL t'~'hc lE 
.12U£-Ol .1016S£-Oio 
.1S08[ -u 
.<'7010[-02 
.lUo;[-Ol 
• 18'56£-Ol 
.1077£-Ol 
.1"'97f-Gl 
• Io'llo'E-O 1 
.o;; .. IoIE-Ol 
.]IoIflE-Ol 
.'101<1[-02 
.1I'I9U-02 
• UJl£-Ol 
.'i772E-C2 
.89 .. 7£-112 
.'1472[-02 
• '17HE-02 
.120n-Ol 
.1'IO'iE-ll 
.2f~'i~-_: 
.2~H(-'1 
D-7 
.5938[-0" 
.106'5£-01 
.8]2'5£-0-10 
,'1']06£-0" 
.102101£' ,J-Io 
.nQU-04 
.I'1107E-03 
.21102£-03 
.U7i!€-1)l 
.nU(-1)l 
.592tE-03 
.100",1)£-03 
.U72[-03 
.11"f:-0l 
.172'iE-0l 
.3110'1£-13 
."'36£-03 
,1'i':(-H 
oIa"£·.l 
.lll'if -~ ~ 
20. all 
21.81 
Z3.3: 
21o.St 
l'5.76 
Z7 .01 
lll. :l 
lfl. 00 
lO. t6 
1t.21 
n.lO 
n.<'z 
18.60 
19.2'1 
19. 'lit 
ZO.,.O 
20,71' 
20." 
21.21 
21.810 
2l.9'1 
2].110 
23. '10 
210,3"1 
211,96 
25.!i0 
2'5.'1Q 
l6.flO 
2'.lll 
27.7P 
l~, ~, 
Z'l,l1 
1:.!f; 
21.2G 
n.lQ 
23.1011 
<'1o.SQ 
l~. ~Q 
2E.]Q 
27.1S 
lll.40 
2~ •• 0 
3J.21o 
16.93 
11.'56 
18.1!i 
11,.!i6 
18.'10 
lli.08 
1'1.l0 
I 'hilt 
10.'6 
21.0fl 
21.60 
ft.l'1 
tl.12 
23.20 
U.6!i 
2'11,n 
t ... , • 
rS.27 
li.U 
MCDONNEL.1.. DOUGLAS A!I'V.-GNAIITleS eOM_AN"'· £A8'" 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
IfCHA., 
~= .. e. LEN6'" 
1t.1 ~ .17, 
5.20 .20S 
6.11 .2"3 
6.81 .21Q 
1.n .JOS 
1I.1t1t •. 132 
9.0\9 .373 
lO.Tl .1t22 
11.6'5 ... 511 
U.1' .U7 
1' .• ' ."1 
tll&C_ l(lIr,f" 
"" 1ft '1,'11 • J 'U 
til. ti' ... t. 
11.td 
1 ¢.,,~ 
n.JI 
1".;: 7 
l~. <:'> 
11>,'11 
11. ~, 
111.'11 
I !.ll 
':. 'f:, 
h.t! 
11. t .. 
l'I,f.'! 
I •. t~ 
I.: Jl 
t.: 6<J 
t.,'h 
1.JIoJ 
I. ~ J~ 
CYClEi 
... 
... 
n89 
US, 
u" 
1'lI01 
1601 
16'6 
1199 
un 
11'1J'i 
U~11 
120;1 J 
1"~1'i 
1 .... 16 
lit \'1 " 
\6'1C, .. 
17 1 ~ 1 
t'HIo.? 
1'11.1 
2J .. 'I'i 
!l ~~ I 
ll'>n 
ltHI 
atl'> 
alH. 
FINAL REPORT 
TABLE 01-5 
.U9'iE-12 
.U'UE-Dl 
.nan-n 
.520Z~"81 
• 59'''E-1l2 
.al1C1£-G2 
• 12UE-01 
.11>90E-11 
.".'91-1. 
.'*"1[-11 
35.60 ""A 
.!!f!!fI9E-Dft 
.1010E-031 
.U'3E-13 
.lO'I8£-OJ 
.U,&E-U 
• UUE-U 
.10851£-13 
.1'"£-.., 
.U7IE-Ol 
.18'11-12 
TABLE 01-6 
.1'1'10;£ -OJ 
.l'l7H-tJ 
.l7l7£-Gl 
."'UF-~J 
.H .. tE-~J 
.bl1lr·OJ 
.7ftlJ£-O 
• '1t;6il£-O J 
.1121>1- ... 
o1<;tt£'~l 
.1ll,U ·QZ 
.Z1 HI -: l 
• o'l~a oJ l 
• H"'I-; l 
,Ul,1(-;'l 
..... 'n-t1 
.' ~ .... f -. Z 
.ln~£ -01 
.il'il! ·It 
• to' 1/ -"! 
.l?"~. < t 
• ~1~!f -;! 
,7atl£_Cl'i 
.ltnE-ClIo 
.1"67£-0" 
.tll'it£-O~ 
.~<ZtE-O~ 
• ?"CI'i[-Oio 
•. 1Q7'iE-~" 
.l7'~E-C" 
,""'lH-OIt 
.~'1'ia[-~ .. 
,<;3"7[-0" 
,~"16E-O .. 
.qJ1lE-O" 
0111 'If -G' 
.17'"H-Q J 
.1'1""'£-03 
,?~<;?f-a 1 
."C"U-Ol 
,"H1£-~l 
.1I16tE-~ I 
.1l~<;f-H 
.H,ltE-at 
19.29 
20.11)' 
lZ.¥! 
n.n 
25.U 
2&.310 
21." 
29.105 
:n.13I 
U.91 
10.6! 
11.11 
11. Ii'> 
I I .97 
1'1 ... ' 
U.II] 
IS.26 
1l.6" 
13.'111 
110. )'1 
110.911 
1,>.101 
lfo.n 
16.11'1 
17.':;11 
III. "6 
1e.'11 
1'1.6<; 
let. ]t 
to. 'II 
Zl. 'i6 
11.!I!I 
19.11 
ZD.1tZ 
21.62 
Z2.1' 
23.91 
U.IJ6 
2&.8' 
21.2_ 
2'." 
q. '2 
It.11 
.,. ~l 
Il.1I9 
11. '1'1 
11.67 
U.~7 
U ... 2 
tt. '1 
t J. ~'I 
t l.'-l 
I".n 
h." 
Iii. H 
16.0t 
t'-.hl 
17.l1 
17.1111 
MDC EII53 
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FRACTURE MECHANICS DATA FOR 
2024-T8G1 AND 2124-T851 
:;. Q~ 
Ii? II,! 
13.'!1o 
1~ • .:S 
I ~.,)l 
19,71 
~1 .61'0 
!'::.Iol 
~ 3.11 
ePlCI lENtT" 
"" ~ ~ lG.IQ ,_Oq 
11.1" ."'~~ 
l1."~ .10'0 
II. ~l 
1 J ,Io" 
llo.h 
l'>.'ilo 
11>.31 
1 '.12 
11.91 
le,lIl 
1'I,&e 
11. "" 
l'>.11o 
~1. SI 
1 'J. ~1 
U.Z,J 
llocn 
H.U 
."'1' 
.'>30 
... P, 
.612 
.~"" 
.'10'1 
.'J<l~ 
t.~ e J 
1,116 
cvcu,> , 
~1011 
<;~?; 
"1 .... 
b 1~ I 
'101& 
1~&" 
1Hl 
III1J" 
12'1 
qli,"':i 
'J~,J" 
l~C; 1 
I: Zq" 
1137 .. 
HIoH 
IJ<;;;,; 
tH'I' 
ur." 1 
CYCLES , 
1<:1102 
lU] 
loUD 
1080;& 
0;62" 
6310] 
6e12 
712d 
710]5 
7711 
IID .. 1 
U6] 
.,,,,, 
'10"'" 
'I1S" 
'1"!H 
"'in 
'1tH 
'11\~l 
FINAL REPORT 
TABLE 01-7 
.. b.2e "PA 'iO'IfIJoOlf 
IkL U 14 tlnEL Tl "" 
.... 'CVCL{ J'I/~YClE 
.H!Jl-~l 
'''~lH·':3 
• '1'1"·~f -~ 1 
· ~,,"'r·~J 
olZ~1E-~l 
.1'11;[-0<' 
.tf'Hf-'Z 
.nZ1E-~l 
.1'>110£-=2 
.19;f-(Z 
,~)"2£-Ol 
• ,U.1E-~Z 
.6':7H-G2 
olJ"ct-~l 
.~'I1"E-Cl 
.1"6 .. r-~1 
.112~E -; 1 
.ll1~f-Gl 
.1U"E-Q .. 
.I'''IoE-C'' 
.J'III>£-Olo 
.1QlI>E-tlo 
.ltqO;~f.-alt 
.15100E-tlo 
.E.657£-~1o 
."7IoIoE-nlo 
.<I<l10;£-GIo 
.1 ~Oo;E-O 1 
.llICE-O 3 
.2'111"£-03 
H<l1f.-O 1 
.lt3'HE-Gl 
.l5l"E-Q) 
.0;7E.1E-0 J 
.IoIoIoJE-~3 
.<1350£-133 
TABLE 01-8 
DEL Til A 1I0EL fA nn 
"''''/CVCIE IN/CVCLE 
ol<l"'H-OJ 
.6167£-03 
.6<1110E-03 
.!llit-IIZ 
.1~IoJE-02 
.12511£-02 
.1161£-OZ 
.e"'lolE-02 
.HO~E-'2 
• Z7Q7t-OZ 
.317:£-02 
.~I<H£-GZ 
.51077(-Ol 
.6ztlll.-Dl 
• l"'Io'iE-at 
.llHE-G1 
olO<l'H-OI 
.:rn£ '01 
" .. '<' .-Gl 
0-9 
.1<;69(-010 
.ZIIoZ8[-O .. 
.lP"IIE-OIo 
.10110;"'£-0 .. 
,"07110[-010 
,"';I'HE-Olo 
.69100(-010 
.961'E-0" 
.911""t -010 
.1 066E-0] 
.tlUE-iiJ 
.th<;OE-O] 
.... n6E-OJ 
....... 1£-(1l 
.5689E-0 J 
.1011"1[_03 
.10110E-0] 
.lOrllE-DZ 
.ZlIoJ[·O" 
11.1] 
12'.62' 
t 1.S<I 
tlo.('<1 
11o.1If. 
10;.1011 
16.1Q 
16. ,,, 
17.1103 
II1.H' 
111.11' 
1<1.5<1 
lO.36 
2'1.03 
ll.S6 
l .... ell 
ll.St 
"'2'.<11 
to.<lS 
Uo.ll<O 
H.rn 
ll. G6 
It.S3 
UoClt 
11. J r 
1J.Fl 
1".03 
1".311 
110. r .. 
IS.l'i 
10;.90 
16.'J9 
11.3<1 
11I.IZ 
I ft. 86 
1<1, ]11 
to. tJ 
lJ.I:I8 
11 ... Q 
ll.ll 
1l.CI 
13.'52' 
110. JII 
1 ... 6'> 
1~. ~'i 
1'5.116 
16.IoQ 
17.17 
17, .3 
1G.53 
n.t .. 
l'h62' 
... 0.10 
lJ .10<1 
lQ.-\'5 
9.'16 
10.ll 
to.6' 
10.97 
11.110 
11.13 
1l.lP 
ll."" 1:." 
L J. 0'1 
13,"1 
"'U 
1' .. 117 
te;. to 
n.1l 
16.'11 
t 1.16 
11.610 
t •• Jl 
MOC El153 
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FRACTURE MECHANICS DATA FOR 
<024-T861 AND 2124-T851 
CIIACIC LENGTH 
'" " 5.81 .Zl9 
b.68 .H,] 
7.72 .3Ujo 
1i.'lZ .n! 
'J,85 d~ft 
1~. 6& .1020 
11.fir, ,/oS" 
11. cz ,'in 
13.80 ."~J 
110,70 ,57"1 
IS.71 ,loll 
16.1<; ,to"'! 
l' .OJ5 .701 
1'1.11 .152 
lO. lot .111110 
~ C"~') 1:,' 
CPAC" II ~(',1" 
'" " II."~ • 1]1 
OJ.;" • !I" 
10.&0; , .. t9 
11.'70 ... 0;1 
tl.3 .. • .. ~I> 
t 1.1'> , .. t~ 
110. Z2 ."6t 
l;.h • .,qZ 
I'>. ~a ... 22 
lb.II'> .66" 
17.,,'1 ,1>8'1 
lft.22 • '1' 
111.911 , '107 
z~. 'i2 .lIa~ 
lZ.OIo .11611 
1J .60 .'12''1 
Zit.9l • '1st 
1t.. ''I t .O'l'i 
? ~.IIII t.Il' 
SO,M. 1.l07 
Jl.ll 1.2 f2 
FINAL REPORT 
TABLE 01-9 
CYCLES ""/~~H~UII'DEI. T'~'hclE "p2E\~ftn~rSS nlEVallllN, 
• ,5107S£-D3 .Z15'iE-DIt 11.Oj5 10.51 
1'5<J0 .In'iE-~2 .5,01£-1310 U."t 11.29 
23103 
.li!8'JE-G2 .'jon.E-OIo 13.35 12.15 
Hr. .. 
,~lZ8f-02 .G171E-Cl" 110.111 12.'It 
3685 .J~10E-t2 .12I1n-03 1'"III 15.50 
3HZ 
.SJC;JE-Ol .HD8E-D3 15.108 1 ... 11'* 
IoU8 
.f>'l81'!-QZ .27<;1E-Dl 16.29 '10.82 
IoJ11 
.6GIo7E-D2 .2Jlll£-D3 tt.GD is.V 
...... J 
.<JSS2E-02 .Hf:olE-Ol 17.53 15.'16 
10511 
.110611£-01 ,0;181£-113 IB.'10 16.51 
loUD 
.93!>1'[-02 ,3618£-03 18.7& 11.01 
1011/t 
.2<;510£-111 .IDDSE-02 t'J."O t 1.65 
107&1 
.1MOE-Ot .6652£-113 20.07 n.lI' 
.. S33 
• r6l'E-D 1 .!oD]E-Ol lo.76 tll.S9 
.. SIo' 
TABLE 01-10 
JII.910 MP", 
on fa iA )/UEl" lin OEI.TAISTIIESS ~;IE;ijUHtH C"Clc~ M"/CYCLE IN/CYCLE "PI SOIlT "" 
• .6lOJH-O] .lIo7U-Q" 111.96 11.l6 
1".9 
, tl7q['~l ."'Q )"'E-Olo 2'0.1l 11.32' 
2'613 
.llrl!·G2 ."'ltoZE-OIt It.09 t'l.t9 
32'1<; .Z~'Il(-Ol .101lE-0] 21.'10 t'l.9] 
161 OJ .291;1J(-O~ .1I6I1E-03 ZZ.66 lO.r.Z 
l~H 
.Hau-oz .lton-o] l3."9 21.]11 
.. HZ 
oJo;"7[-02 .1197£-0] Z ... ]O Zl.lZ 
,,0;010 
• J791f-OZ .U'U£-Ol l ... 9' ZZ. 'Z 
" 70li 
.no;7[-DZ .UllIE-O] Z5.7Z Z3."0 
Ioq7~ 
.",,!'Il[-lIl .220'2£-0] Z6.]9 z ... 02 
o;OU 
."'10"(-OZ .Z7I9[-0.5 26.9] ' ... 51 
'il'1' 
.61DII[-IIZ .zun-o] n.ljl ZO;.O] 
0;]1 • 
.1I~'Ilot-C" .271"E-0] 2'S. sa 2~. 8.1 
'i'iitZ 
.8151[-0" .1"II'JE-0l 29.'Jl lr..11I 
'iT" 
.ll6U-Ot ."'"lE-03 !I.lIl 2T.III 
HJI'I 
.1"U[-Ot .U60E-'] 3t .6.1 n.79 
0;9". 
.!'IUE-III .nrlE-Ol lZ.71 lll. '9 
tIOl2' 
.UT,[-Ot .""DE-Il ,,,,06 U.OO 
t.u .. 
. Ul"[-01 .unf-It )5.'" )l.l!!. 
6"t 
6n) .'iUJE-Ol .211"tE-1t n ... ' 
:1].11 
D-10 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
C~AC~ 
"' 
L~ .. ror .. 
.. 
... ~! 
.111 
:,,11 
.HI 
". "Il .lJJ 
I.e? .2'11 
1. 'le 
• !llo 
.... '1"1 ,.10;11 
1_. ('I • I'll 
I!. !J ....... 
.I? 3] ... ~ .. 
13. 3~ ."23 
110, 2~ .'>61 
1",41 .h11 
~n. !1 
• "100; 
I r.f 1 .1>110 
18. ;4 .118 
111"411 , .. 
CIlICII LENGTH 
.. ,-10.10 .tll'i 
!I.fllI .2210 
6.68 • 26] 
'.102 .292 
e .le • .126 (I.'" •. Hl 
to.<;;' .," 
11.QQ .,. '2 
C'~L~~ , 
.n 
hH 
20~Cj 
1l!1 
?S," 
nH 
''1S& 
!lH 
J 21 .. 
lZII1 
lH6 
3/oH 
'IoH 
310"" 
C'Cl.ES , 
' .. 
" . 
... 
1028 
1156 
tUO 
1l6'i 
FINAL REPORT 
TABLE 01-11 
""/g~~ltj" IIDEL "~'hClE 
• 811111o[-(! 3 .]Io~IIE-O .. 
.l~Ht-~z ,'ar.JE-n 
.110IoE-Jl 
.8285£-0" 
.31111[-t2 .1228[-03 
.!1rrr'C2 .1"'''[-03 
.0;.351£-Ol .L'10CJE-OJ 
.bllli'l!-JZ .2521[-0 J 
,?l'lSE-aZ .lI512E-OJ 
• ltloCJ( -0 t .4132[-03 
.12~"(-~1 .<;J'ilo(-li/l 
• 11)1£-Gl ,6112"'£-03 
.IU1£-Cl .11Ijlo[-03 
.1'l'l"E-H .78S7E-31 
.IoJ~IE-lil 
.1'UE-1I2 
TABLE 01-12 
""/2~~U··'/O[l T'~hCLE 
.1'J06"-02 ."IIjE-O' 
.l'J61E-OZ .lU2l-a! 
.OjIo6J[-G2 
.2I9lE-O.1 
.11'''][-02 ,l92lE-n 
.'J0]9£-02 
.]M'E-O] 
.1'18£-01 .POIOE-OJ 
.unE-ot • 12Jr.E"Ol 
0-11 
I1piE\!afu~ns m'~mH_, 
1,'1,56 11.110 
21.15 1"1,2" 
22.116 20. 'Ie 
,,".J'] u.~G 
U.26 Z."'l~ 
l1.86 Z~.36 
2'1.510 26.811 
'l.t!) za.2'i 
12.lIII l'ihlt;S 
U.S7 1~.S5 
'10.117 !l.U 
]6.il lZ.811 
H.lte 3".Jl 
111.,.0; ]10.'19 
lO.Ot n.ll 
21.11" n ... 
2J. ,,. 21.2' 
2".6111 n.'2 
26.111 2.1.1.1 
2'." 2'.J" 
n.!!'J 26.'13 
ORIGINAL PAGE IS 
OF POOR QUALITY 
MCDONNELL DouaL.S A!I'FRONAUnCS COMPANY. 8A.Y' 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
TABLE 01-13 
SPECI:tho~u~e~1 
~PECIKEN OIU "UllON1 CONSTRAINt. 
TEST ;~~~~W~~=l: 
SPECIHEN TtHCI(HE~1 
D'"T u~\~ m,Nlt:~~= 
1.6t; "" I,ll U IN' 1111,& "PI (17.2 I( l~ "AIIlMUNR~':~ at 
FREiUU.!'1 
Z!O C .. 
CYClE'J 10 F 1'.UIIEI SQRT t ",I 106. '16 ICsfDl~AT li~H 
t CYCLES PIiIOR TO FA LURE I 0:>1.60 HPI IC,,,UI 
~~ACIC LEIIG" II "tf/g~~l~ 'AI/OEl T~A'~'C.LE "piE~&ftn~~ESS l~IE~~ill~", . , CYCLES fl.'" .]H , 
'1.25 ,]610 
.1l0GE-lIl ,5116E·I)" la.n 17.110 
'" 1~. 41 ."10 U11 
.U!i1E~O? .&076£·0- 19.85 
10.01 
U."3 ,.,50 15J'I 
.2161£-02 .1087£ .. 03 20.'110 
19.06 
12.'12 .lteu 
,JIo71E-02 .1369£-OJ ll.qlt 
i'h'l7 
1852 
13.S8 .'ill} ZO<U 
."'HE-Ql .11ZIlE-Ol 22.42 
20.116 
.,73 22101 .r.<j.9lE·Ol .Zo;;<J'iE-G) 23.111 
21.67 
110.55 
15.6b 
.616BE-Ol .2665E~O~ ZIo.70 
Zl.lo11 
.&17 21005 
lb.7& 
.'J2f11E~1l2 .361oIlE-03 25.61 
n.n 
.&tla ZHl 
263 .. 
.1l'i7E-1Il .1t5'ilol~0] 26.56 
21t.11 
le.tlo • 710 
2130; 
.121010[-01 .lollli6£-01 21.'.i'.i 
2'.i.07 
lli.30 .160 .1'l6I1E·Ol .11'.iIlE-0l 211.30 
2'i.15 
lO.OIl .71111 2771 .l23~E-1I1 .IIIIOlE-03 29.1'.i n.n 
Zl.<j9 .lIliO zeloZ .H6'iE~Ol .1I'i21o£~03 ~O.O'i 27.]'.i 
~2 .1011 .0115 ~lIa3 .116"E-02 
, 
.296][-01 SO.615 
21.92 
23.31 .'l211 Z'l11 .JSI>6E~Ol .11000E-02 31.31 
211.109 
210. ii'b .'155 Z'llll .60'UE·01 .21000E-02 U.l'.i 
2'h2!> 
l5.78 1.H5 29&1 
2b.SIo 1.010<; 29111 
.31110E~al .1'.iOOE-02 lZ.9] 
n.97 
!nO] 
.5115E-Ol .2Z'.iOE-Ol 33.1>1 
]O.SS 
H.6'l 1.090 
.soIlOE-Ol .2000£-02 310.29 
11.21 
?8.10 1.130 3021 
S~.Jo; l.l'lli le"] 
.1I2'.i5E-II1 .32S0£-02' 35.H 
ll.Ol 
.1651[tOIl .fI'.i00E~1l2 36.210 
ll.911 
12.00 1.260 1.10;1 
J05~ 
.IS2It!EtOO .6000£-02 31.02 
SJ.6'l 
12.17 1.1'10 ."116,,£000 .1600[-01 31.91 
H.'.iO 
31o.ao 1.370 ]Obl 
.3allt+C0 .1'iDO£-Ol lQ.16 n.(I] 
1&.111 t ....... 30&~ 
.130U+00 .281<;E-01 100.61 .5 r. 01 
)'I.f:2 t ."fllI HH 
.. ij.lq 1."'10 l .. '" 
.25 .. 0[·00 .1000E-Ol .. ,..111 31S.05 
.lIaqo£.oo .]500E·01 .. 2.(111 30.11 
.. l.l1> 1.660 30" 
.tH6E.Ol .100OOE-01 103.',1 
]9.;6 
103. 1ft 1.1~~ 30'~ .lZ~"E.~1 .'1000[·01 ..... Io'l 100.109 
..... /0' 1.1'10 Jon 
.20HE·Ol .IIQOOE~Ol 10 '!i. III 101. '1 
.. ,. <;0 1.1110 Hlle. 
.1'l,"E·Cl .r'SOOE-O 1 "'.06 "l • .!!] 
.. '1./00 I.Q/oo; H~1 
• Z 1"~E'O 1 .1I"OOE·Ol .. a. , .. ..'.'19 
'i1. "" z. ~ Ie 10112 
. 
'. _ .. J 
Moe EIIS3 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
IC("III, 
c"acl( 
"" .,. ]OJ 
7. &9 
e.47 
'hiC 
9.70 
1~. ]1 
10.96 
11.62' 
12'.38 
tl.'I4 
t J.42 
1".01 
1",tl 
15.16 
!!I.ti!' 
16.60 
11. ]0; 
11. &'1 
14.16 
1'1.2., 
!J ,"6 
!1.1I~ 
21.26 
Za.o;Z 
,,'1.'1C 
31.31 
1l.Ci1 
13.'10; 
,1,.71 
17.111 
)'1, ze 
.. ~ .61 
'oZ. all 
~ S. 10'1 
..... M 
"0;. eo; 
101.26 
1011.70 
0;0.10 
; I. Zq 
i2.6o; 
1O'.1fIo 
o;/o.'ll 
o;6.Z6 
0;1.10 
0;'1.00; 
.... n 
..... IS 
6<;.7J 
LENGTH 
'" • .,11'1 
• 310 
.J]/o 
• J9! 
• JII2 
.401 
.lIn 
.1t0J1 
,"S7 
... <)'1 
.liza 
,,>liZ 
,0;16 
.,'11 
.fl1\ 
.65" 
.&83 
.7010 
,739 
.10;9 
.1113 
I.: !1 
1.0 7l 
1.IU 
t.H7 
l.tH 
1.2111 
1.317 
I.no 
1.1011'1 
1.4U 
1.'i1l6 
1.601 
I."'" 
1.71Z 
1. ''1'1 
1.1105 
I.ft!!ll 
I.QU 
I.qll! 
1.~1'1 
Z.Ho; 
2.1 " 
1."1'1 
2." ,. 
".'il" 
1.'1ea 
l.e.loo; 
CYCLES 
20001 
2''i1B 
H'i17 
,nail 
1050110 
"'1"21 
';]656 
S1~2q 
U991 
6~II06 
650]6 
667811 
6111101 
702611 
1<?1611 
ntlol 
'/01181 
70;,IoZ 
77166 
7711'" 
T'n-" 
8091)1 
lIj!'lO 1 
II]UIo 
IIltZ'J'i 
So;06J 
110;1 .. '1 
~"4"'i 
~'t1Z 
111(6) 
11811<; 
1186110 
StjO'll 
e'liloll 
11'18] 1 
ct02'&3 
'UM' 
'10'Ht 
'Hlbl 
qUI" 
'U666 
qlq~1 
'1U"" 
'I21H 
'I2~2''' 
'126610 
<iUl1 
'Il'J&q 
'131 .. 0 
'1UOIo 
"340; J 
'UOJ6' 
'UU," 
'117'11 
lin", 
, .. OlD 
FINAL REPORT 
TABLE 01-14 
.'I371r~~ .. 
.ltc2f~G" 
• 11 .... £-0] 
.iG6iE-C] 
• t S]('£ -G] 
.,nl[-OJ 
.19'iaE-Ol 
.2U6£-Ol 
'Z""~[-o:s 
.lU7f-OJ 
.1'0111£-113 
.]01'1£-03 
.]6'110[-4] 
.1010'12'[-03 
.6011[-03 
,"2hle-03 
.bU"(-Q3 
.6118[-03 
.73"0;[-03 
• 76r;U-~ 1 
.4276[-0 J 
.ltOlf-Ol 
.lU7[-~l 
.128 .. (-t2 
.17J6E-D2 
.18UE-D2 
.1<Jftlj[-02 
.lUll-DC! 
.uzu-U 
.Z7 .. o;r-Cl 
.lCIH[-:;i.' 
.i.'4Ur-Oi.' 
.3I1jU(-';i.' 
.3102''[-0i.' 
.HU[-n 
,"14n-Gl 
.106116r-~1 
.1I765[-OZ 
.001o;'1r-O i.' 
.,aUf-OZ 
.0;4~Ir-H 
.o;&z .. r-oz 
.611020;[-: 2 
.7CH£-01 
.778)r-2' 
• 'OJllt-02 
.85,"t-H 
.4'II;)[-OZ 
.1I20H-H 
.Hen·IIZ 
,tUJ(-H 
• Ulll-at 
.Ulie(-u 
.U7n-Ol 
.UIl7[-iH 
.\4011£-01 
0-13 
']"90[-00; 
.21'16£-115 
.1051o/t[-05 
.10170;[-Q'5 
.6~1o7r-o" 
.<> .. 74[-00; 
.171111E·0o; 
.BIoOII£-O; 
.'U"'l8[-05 
.11161£-05 
.IJIo1£-1I1o 
.118'1[-010 
.1,.o;1o[-0/t 
.11r.8E-JII 
.!1&qE-OIt 
.1681[-010 
.Z" '10(-0" 
.Z"04[-01o 
.ZIIQo;(-OIo 
.3016£-0 .. 
.360;Z£-01o 
."311n-DII 
,!>~"7E-01o 
.<>00;6£-010 
.tUtE-OIo 
.'ZI"£-Oll 
.IBI6[-01o 
.81ZIf-OIo 
.~7"£-DIt 
.10lU[-0] 
.1Z1"[-0.5 
.UllitE-OJ 
.1l'lflE-0 J 
.1 nllr-a J 
.1lZ'il-0l 
.16'UE-01 
.182QE-03 
.1I11f1E-03 
.ZaH[-Ol 
.lacor-Ol 
.~J'io;[-Ol 
.n<JSE-Ol 
.~o;]J[-Q1 
.. ' ,eIoE-Ol 
.10""E-Ol 
.U"qE-OJ 
.1J'il£-OJ 
,!r'ZE-;' 
• '22qE-O J 
.lZ2'tf-GJ 
.100M[-0 1 
./o6o;JE-03 
.100;21[-01 
.0;/0116[-0] 
."90'1[-0) 
.'4J7[-OJ 
11.117 
11.107 
11.8Q 
U.:sC 
12.71 
U.15 
13.0;1;; 
13.92 
11 .. 3~ 
IIo.flO 
110. 'Ie 
15.Z3 
IS.;10 
1'5.91 
u .. ZIJ 
16.62 
16. ''5 
17.30 
17.6] 
te.O'l 
18.6~ 
1'1.2'1 
14.'1C 
10.10' 
ZI.0" 
21."1 
22.16 
Z2.1.1o 
2].lll 
23.81 
211. S1 
Z/o.QZ 
25./02 
2'. III 
Z(""'9 
21.010 
Z7.60 
l8.11 
2e,s, 
lIJ.CI) 
2'1.6<; 
]II.ZI 
JO.1? 
H.Z' 
)1. " 
'1.14 
n.rD 
n . .., 
!l.a.. 
]1I.3e 
JII.8'1 
)'.!oJ 
16.01 
16.6110 
,7. ]2 
te.oc 
10.07 
IJ.1oIo 
10.112 
U.lq 
It .57 
11.'11 
lZ. ze 
ll.f:7 
1]. C2 
11.2'1 
11.56 
1l. ~~ 
1".15 
,1o.Cta 
llo.!l2 
l'i.13 
1 OJ, 1102 
to;. 710 
1&. ~5 
16,"6 
17.0': 
11.S6 
le.lI 
1~.6~ 
14.16 
,"'. ", 
ZOot7 
l~ .&'1 
ll.11I 
ZI.'" 
22.\11 
l2.611 
Z 1.1] 
Z J.6~ 
ZIo.ll 
210.61 
Z'>.1i' 
ze;. ~tI 
1;,. JO 
26.1117 
2 ... 98 
27.109 
21. '16 
211.102 
,!B. 117 
H.Z9 
Z'I.76 
]l.21 
]J. eo 
".29 
)1.15 
H.n 
'2. " 
]1.n 
n. '16 
h.U 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-n5l 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
611.7] 
".tlo 
FI.56 
72.66 
'10, &1 
''i.n 
7'1.63 
IIc.q, 
82.611 
<I 10. II 
115.911 
118.0t 
89.15 
'11.112 
"".ll 
95.12 
2.1'!6 
2.161 
2.017 
2.861 
2.'1'/0 
2.9610 
1.135 
1.185 
1.Z<;S 
J.J20 
1.185 
J.,.fl9 
3.0;10 
3.615 
1,710 
~.11t5 
KUlAK! 
CPACIC LENGTH 
"" IN 'i.62 ,lZl 
b.ll .2 .... 
",'n .212 
1 • ., .. 
8.62 
9.1" 
1~.111 
11.10 
IZ.20 
Il.'n 
t J.17 
I/o. 1ft 
11 .. to 
11.11 
~ ... e'l 
18 ... ' 
Z=. ]1 
~1.'1" 
t ',Ill 
l'>.<;O 
a.3~ 
l1.00 
J'i, to; 
11,"" 
n. J1 
'o1.H 
101.10'1 
..... ~ 1 
..... Q7 
~ 1.,.' 
•. 100; 
.ll'l 
.l60 
,/tGI 
,10" 
.10110 
,')ell 
.S"2 
,<;111 
.6J" 
." , .. 
,Ttl 
.70.1 
.~oa 
,116<; 
,'117 
t .we" 
I •• n 
1.1102 
t .118 
1. ~8h 
1.11'1 
t ,"07 
t ,"~l 
I,~"II 
1.6111 
1 • .,11 
t.nt; 
I.~U 
1.~7<; 
t.1n 
1 •• 0" 
'1,un 
q"ZZio 
910322 
9"]'13 
",,1055 
" .. 0;01 
9,,610 
""no 
<)107&, 
'lIlII10 
'11111110 
"10'133 
""<J6'i 
9,,991 
910995 
910996 
CYCLES , 
Ul9Q 
3766 
0:>108 
tOll 
7652 
1111311 
9lt12 
1020;(1 
107lft6 
t U57 
tl62" 
1211_ 
llloqq 
IU'II!! 
11aJ5 
1332] 
116 ... 5 
1 )'111<; 
1"171 
"'~:!6 
1""9 
11o<J15 
ISUIt 
t'illl 
t'>Jtft 
1"'10" 
t'i~ '" 
!'itb" 
1 '5 7102 
tSIl'~ 
~~er" 
10;'11011 
IflQ~~ 
1600;/1 
: .. tJ~ 
FINAL REPORT 
01-14 (CON'T.) 
.',"S[aDt 
.H5JE-0l 
.U .. qE~01 
.2111E~0l 
.2_hE-0'1 
.25GU-DI 
.25ltDE-Gi 
.35'i6£-Ql 
.HlZE-Ul 
.HOZE-Dt 
.10 D61o[-0 1 
• 326U-01 
.1026[·06 
.6032E'00 
.889UtOO 
.6I)93E-03 
.,,"qE-O] 
.60'll'll[-0] 
• 110;118[-0 1 
.91<oOE-D3 
.9858Ew Ol 
.tOOOE-02 
.lltDOE-02 
.1:I00E-02 
.UOQ[-02 
.1600[w02 
.12116E-02 
.IoQlIIE-02 
.2375[-01 
.3500[-01 
TABLE 01-15 
.U25[-Ol 
.5769[-0 l 
./o210E-Ol 
.6669[-03 
.82105[-0] 
.1III02£-Ol 
.I""[-IIZ 
.110110£-02 
.ll6eE-1l2 
• ZZ02(-02 
.2203('02 
.lb"~£-02 
• 26Zl£-D2 
,UUt-02 
.lIl2IE-lll 
.1120'1£-01 
.'HI~(-'" 
.0:>1031f.-02 
.5QUE·'i 
.1211[-112 
.8S11o'-02 
.ftUIo[-tl 
,llb'!f -0 I 
.1Ihr-tl 
.IIoIlH-~1 
• tlIoU-: 1 
• t "Ior-o 1 
.1021£-;\ 
.1 til If -at 
.23911[-01 
.?rltf·~t 
.21<;n·H 
.1l2ftl-~1 
• JIIllf -0 I 
.18IH -Cl 
0-14 
.1230E-0., 
.11111_E-OII 
• 16111E-01I 
.2626['010 
.125ltE-0" 
.] .. 6'5[_0" 
.'5702['0'" 
.;566E-0_ 
,5]88E-01o 
.11611[-010 
.1I61'i[·0 .. 
.as'I[-03 
.101Z[-OS 
• 110JE-Cl 
.166Jt-Ol 
.16'i1[-OJ 
.?H"(-~1 
.l1lIlE-OJ 
.2]15[-03 
.286lt-01 
.H1&£-CJ 
."''15[-01 
.... "01[-03 
.Io'illl[_o 1 
."'1I2q[-OJ 
.Io'll .. £-Q 1 
.61'18[-0) 
.7ql!!"(-GJ 
• 1~ I '[_, 1 
,qlo,q[-OJ 
.t~tlf_~? 
,QZIII,E-Ql 
.'1161[-,J 
.t'i~D£·Ol 
.1'iOa-Ol 
]11.67 
19. ]] 
]'lI.OJ] 
loo.'Z 
.. 1.16 
"'2.<;;11 
"' ... 00:> 
1t1t.8l1 
"'.1Il 
lt6.711 
lt7.1111 
"8.85 
SD.06 
'n.76 
52. 'lit 
15."1 
t6.21t 
11.11 
U.'" 
18.91 
19.73 
20.72 
21.70 
Z2.1j1t 
U.Z" 
21t.CS 
25.alo 
26.00 
26.80 
1.7.0:>1 
28.n 
zq ... a 
n.11o 
31. 'Ie 
3l.10 
Sit. 3ft 
10;.'>6 
16.7'i 
11.711, 
311.n 
1Q. ~6 
IoIl.U 
"2.06 
,,'.o~ 
... '.97 
.,'J.Dh 
Ioto. ~~ 
.. 7.11 
""'.10; 
"'l.U 
]1j.20 
35.111: 
l6.]. 
]6.87 
11.lt6 
18. '0; 
100.09 
IoJ." 
10'.11 
102.57 
Iol.57 
1I1t._1ft 
105.0:>6 
.,7.10 
111'-\5 
110.03 
, ... 711 
15.62 
tEIo51 
,'.21 
17.96 
111.116 
19.710 
Zo1.0;1 
21. IS 
21.89 
2:!.1Q 
21.66 
ZIo.l9 
25. a5 
Z'i, ~Z 
lh.U 
2' .'111 
21.U 
10.l1 
H.ZlI 
n. Jf> 
n.Io" 
' .... H, 
1<;.1.10 
~ ... 1ft 
)'.1tr 
]~ .le 
11.11 
Io;.~l 
Iol •• t 
10 1.42 
MOC E\153 
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FRACTURE MECHANICS DATA FDR 
2trl4-T861 AND 2124-T851 
01-15 (CON'T. ) 
.3175[-111 .12S~£-C2 50.n Ios.alt , 
..... 10 Z.llD 161ft' 
.3629£-01 .1"29[-02 ;t..11 .. 6.'58 , 
'is. 37 2.180 161113 
, 0;1.28 l.Z'S 16208 
,162J[-lil .lIlO~E-OZ 0;>2.21 1t7.'il 
.0;'31111£-01 .2200£-02 ;3.29 108.109 , 58.(0' 2.'10 1623S 
, D~.58 .95Z'iiE-Dt. 
.USOE-a! 'ill. sa 109.109 
2.385 16253 
.000IH'E"Ol • .J33lE-aZ 'iOJ ..... sa.lts , ~1. 85 2./oS5 1626& 
.alt67!.-0l .33]]E-02 S6.:se 91.n 
"3.12 2."85 162111 
,\'lZlt[+OG .600IlE-02 51.25 52.10 , ~ .... " 2.'lt5 162'U 
.1"'iI[+(l0 .108S[-02 51.lilo ·n.n , 66.80 Z.6:n 16S0", 
.111340[+011 .7222E-02 54.19 '''.'iD , 68."S 2.69' 163111 
.211}'£+00 ,1571£-02 61.03 'iSo'S" , fi9.91 2. ''is 16321 
.SIIUEtCI! .IS00E-ol &2.1010 0;6.112 , 12.26 l.Il"'> 16321 
TABLE Dl-16 
&=aclt lUGI: C"CLE~ "",8Ur: ta, IDEL "A'~,elE "piE~&&n~1E'i5 nIE~~'llh" 
1062 .'~3 
."ll£-OZ • 160U"0" n ..... t!.61 
... n .1lO 
'" 
• nqa[-ot .UQU-O.1 n.oe 2,;. .. e 
... ql • 1'1" ... .~6Z~f-lll .ttlZlE-Ol Jet.Dl " • .1.1 
'i. 12 .ltS 
'" • IIIOlE-02 .1.11qE-U 
n.1t u.qlll 
6.21 • 2~S ... 
.lIe" .. [-Ot .ZlQ'lE-D! .13.36 3';.l6 
6.<n .Zri! ." 
.660 .. £-02 .nODf-OJ n.o'l .11.'U 
'.60 .2"" lO8 .. .U~IjE"~' .1113111'1E-U n.lIl n,lI! 
11.1'1 .,u, 1111 
.'111.,[-az .llla .. e:-Ol ".1'1 .110.1111 
'I. G7 .l47 U2~ 
.'IIUf-U .,uen:"11 3'1.<lS .16. IS 
<l.10 .l81 It., 
.UUI-ill .601I)E-OJ IIIl.liIt l'." 
10. "' .11112 1.11110 .uur.-Ot .'unE-OJ "l.Ot l',1.1 
ll.tll ..... l 1392 
.llQU-OI .tn6E·0l ~~. 15 IIIJ.71 
1l.11ll .lIIet U!l 
1 
i 
! 
r 
I 
I 
r. 
I 
t 
! 
f 
I , 
I 
I 
f 
! 
• 
. } 
FRACTURE MECHANICS DATA FOR 
1024-T861 AND 2124-T851 
IlIHAxl 
CRACk LENGtH 
"" IN 7.109 .ZIJS 
e.12 
'1.n 
H.26 
10.111 
II ... a 
Ii!. Cit 
li!.19 
1l.'3~ 
'1o.3:? 
15.11 
1;.n 
lb.Io" 
17.11 
ld.ll 
16.n 
21.11 
!l.0<; 
" ... 5 .. 
Zfo. D~ 
Z7.,.10 
l~. eo; 
ll. Cl 
Jl. fll 
)".JJ 
.... t .. 
.. 0;.110 
lob. ~t 
,,~. I; 
10'1.71 
~ c.. 'It; 
.. ).09 
0;. ..... " 
o;",JI 
.. , . .., 
"".1" 
.. ~. "0 
II? C~ 
nJ.J~ 
.. <;. ''I 
.. , .11 
0,'1. ~" 
b~. " 
'd. zq 
1 =. Sit 
l.~ Zio 
1.~OfO 
1.11010 
t.: 'Ill 
1.161 
I.HIo 
I. HI 
1.U7 
t ,so, 
t ,"'68 
l,fdO 
l."~l 
I.ne 
1.1 ~Ij 
1.1110' 
t .~q6 1.,,0;, 
1 ... Jb 
1.( qg 
1.110'1 
'.1I11 
l.'ft' 
~.In 
Z. I~l 
~,""6 
,', til 
.'.'''' 
l. n.7 
1. ,~q 
CYCLES , 
1I'J56 
111l1lo 
Z81o'>,. 
lOue 
!ftlZ1 
nQIt~ 
19S19 
Jol191 
~IjZ'3" 
1011068 
10119"'" 
50316 
'it 781 
'iU6~ 
.. 102710 
56l] J 
~1Iol6 
SII6U 
S9lj7e 
60loU 
6Uq~ 
61913 
U"lZ 
fIlqOS 
tl, .. t 
!.lf9'1 
6"1)1& 
60\U" 
h'ielo 
fl.el~ 
tSOO' 
foStn 
~"11 I 
UIiOfl 
"0;601 
60;'6 .. 
"'i061o 
UG03 
~f>eM 
66,St 
"""11 
66H'I 
""B" 
t6Hb 
6"'''1'' 
!Hbl 
6 .. 10010 
, .. o;z~ 
f6'jJo; 
U'l .... 
u, .. ",o; 
FINAL REPORT 
TABLE 01-17 
""/giH~ C,,' IDEl t\~'b'CLE 
.lGnE·~" .H86E-G5 
.115aE-tl 
.IOSOE-a;, 
• Z'H>I!JE-O 1 
.1<;U.E-03 
.22lolE*03 
.3tll'lE-1I3 
.l16n-0] 
.]l7~E-H 
,l1l15E-1I3 
.IoD1I1E-~3 
.1t00lE·Gl 
.'.02&1£-0] 
.571ZE-03 
.1"llH-03 
,806'iE-H 
.lD'IZE-02 
.U1Iof-'2 
.IS6Itf-OZ 
.112'E-~1 
.11111~E-OZ 
.21'12E-02 
.ZH1(-~l 
.H7'1(_Gl 
.]6811[-C2 
.1I7ht-H 
.]70;'If-Ol 
.611'lf-O~ 
.0;7"'[-G2 
.6'11'lr-Ol 
.6111101-~ 1 
.77tH-C2 
.q1<;H-~l 
.II""'-II? 
.U'I[-Gl 
.'I"T"f-OZ 
.ll'i"-~t 
• lOj)'!f -v 1 
.u~n-" 
.ll~'ll-t 1 
.I'IO'U-U 
.2 .. a .. l-a 
.l .. ] .. £·.1 
• J6~b' -~ t 
.311I1ftl-! • 
.Io'¥lM-'l 
.6"'1(-'1 
• _6""1 ·0 1 
.'i 1'I.r -Q 1 
.'i'ilZ1-H 
0-16 
.Io5Z4[-O'i 
,IIU&£-O'i 
.1168[-011 
.0;930[-05 
.&I).12£-'I'i 
.11'12£-0. 
.1'I'i11E.-II'.O 
.1.n7t-Olt 
.1000lE-01o 
.tb06E-GIo 
.1899£-010 
.l~1'!E-JIt 
.nlt'lE-Olt 
• H2Z[-Olo 
• \110;[-010 
.~]OaE·U" 
.lolG'iIc-OIo 
.61C;;6[-~Io 
.f>I!IOIE-~1t 
.1Io0Z[-OIo 
.862"l[-~It 
.lij'l][-H 
.12'11[-03 
.11051£-03 
• UHf-OJ 
.111~~E-II] 
• ?O;IoIlE-~ 1 
.U61E-O 1 
.11?ft(·QJ 
.H.SlE-O] 
.)016£-0] 
• 1~.tE-1J 
.12'HE-~ I 
.1o6~'ll-OJ 
.H'~(-OJ 
• "'11 .. £-0 1 
."0o;8E-0 1 
.1It;t'iI-OJ 
.1If,qqr-Q] 
.'0;11(-01 
.H'<I[·QJ 
.o ... .l'(·OJ 
oIl1o;lE-H 
.1 It;T[-O~ 
.1'10;1£-0: 
.tllsP,·O? 
.n"r-ti' 
.IGIo'i[·Ol 
.1110£-01 
KpitkU~l~~[SS 
11.10 
11.7.: 
12.0\1 
12."l2 
11.27 
13.6] 
1/0.010 
111.0\'i 
,Io.ar 
t'i.33 
1,.11 
16. Q] 
16.ItC 
16.112 
11.21 
11.16 
18.103 
1"1.03 
1"1.66 
20.3C 
20.92 
21. 'i6 
22.18 
22.1'1 
13.1,] 
ZIo.t'l 
211. PI 
Z~.l'l 
2'i.'IC 
ZEo.o;l 
Z'. et 
ZII.1t 
111.61 
2'1.18 
1'1.1" 
n.J~ 
so. <It 
n."11 
'1. J1 
1l'.'I1o 
Jl. "i1 
'''.tOo 
J". , .. 
l'i. Jfo 
J6.1" 
H. Cl 
17. '0 
HI.l~ 
18.6' 
U.I'i 
~~IE~a~nltu 
10.10 
1O.6'i 
11.2"l 
11.16 
1l.07 
It.lll 
Ii!. 77 
11.15 
ll.51o 
13.'1<; 
110.2'1 
110. 'i9 
110.'12 
l'iol~ 
15.66 
Ib.16 
16.111 
11. J2 
11.1'1 
lB,II& 
1'1. 010 
19.b2 
1~.1'1 
2J.71o 
ll. S2 
ll.n 
21. ~q 
.. J. ~2 
ll. 'i' 
110.11 
2".610 
Z',.12 
ZO;. S8 
~ ... 16 
2".'16 
z,. ;;;& 
17. "0 
1'1.1'1 
l~.U 
2'1 •• 2 
Z'I. '11 
J: ... , 
St.;) 1 
It • ." 
If. III 
1;".'11 
11.6~ 
)'.11 
" -
)"t.ll 
l'i. 1~ 
MCDONNELL DOUGLAS ASTRONAUTICS COIfIIPANr. iliA." 
-.. -~---..:.'",; 
MDCE1153 
Octobet 1974 
-, 
FRACTURE MECHANICS DATA FOR 
21124-T861 AND 2124-T851 
IWtAlU 
'" 
CAlCIC lEftS'" 
•• ro S.60 .221 
6.n 
.210' 
7.n 
.27' 
e.2& .... 
'1.20 .J62 
10.1':1 .401 
11.39 ..... , 
12.3'1 .10118 
130 il ,'i17 
13.72 ,5ltO 
tlt.63 ,"76 
10:;.60 .6tlt 
16.n .66] 
11.16 .6'1'1 
t6.76 • 1St! 
1~.11 ,1'1 
l!t .""6 .~""s 
ll.l~ .'iII16 
2",76 .91S 
!6.11o 1,~14 
21,1111 1.;911 
29.lt6 I.tfle 
CPlCII Ult{.'" 
" 
.. 
I.f. .. 
.t"'" 
... 2t .1M 
10.13 .t 46 
.;, II .1~" 
s. ez .IZII 
".';) 
... "" 
,.n 
.1811 
",,~ .nz 
8,100 
.HI 
'I.U .n~ 
... 11 • Jil 
I C. J'I ... u 
tt.,,' .It'U 
CYCLES 
• 
1429 
2611 
10329 
"'Of 
61020 
116'i 
n'ilt 
7",. 
11069 
IUDl 
8S'I0 
117Q6 
'IOU 
~11o'-
9251 
9""31 
9612 
9111" 
'HIIS 
~1I1J 
'19100 
C'CHo; , 
'" 
." 
'" 
", 
'" 
'" 
'" Ion 
lD111 
Ull 
116' 
lU~ 
FINAL REPORT 
TABLE 01-18 
:U .. 9f> IIPl SqClTIII' « 
",,,2~H: (AI/DEL T\~;A,.CL.E 
.'07&E-O.1 .1QQQE-QIo 
.58118£-03 .2511£-040 
.'nItE-~l .nnE-DIt 
.8]18[-01 .327'5£-010 
.lOOU-II,2 • ]'i'iOE-OIt 
.160'IE-02 .flueE-DIt 
.251''1£-112 .101CjE-Ol 
.2I1l0E-0i? .9567£-01t 
.2&110£-02 .1102[-1)3 
• JlfliE -0.2 .1'i26£-0.1 
.1,sqIoE-02 .1.1:16£-01 
.~9'-~£-~Z .HI,2E~0] 
."3l1E-ii2 .1106E-03 
.7'JZ"(-U .2962[-G3 
.1I9JOj(-nZ .]~lIIE~Gl 
.""""[-Ol • )Il361:-01 
.'I90,r-;.z .]'IatE-O] 
.16316£-01 .6""0£-031 
.17,.:n·~t .61161£-0] 
.1915£-111 ,1611[-0] 
.2U,IIE-ct .~!l1E-Dl 
TABLE 01-19 
Mlt/2~~ l: C III D€ L' ~~'bCLF. 
.20J'if-02 .'lIttlE-QIo 
• UHf -I) l .IU7r-OJ 
'''tJlr-~Z .1611E-Ol 
,,,"'!"r,~ :' .11';10;('01 
,,, ... , .. r- Ol .P6.r.~J 
.'IIoIU,Cl ."011(-0) 
• 1'>lIlt-U ."UrE-OJ 
.'JIo'n-~l • HZloE-OJ 
.u ... ,,( -t 1 .4'10'if-C 1 
.Ift"n-DI • '4!1U'O J 
.1"'If~O~ .q60~[·OS 
,zq~H·tl 
." .... (-41 
0-17 
·,°11' liZ"-' 1 
' .. 911,=11 
• G • 
lots "" (.~gu·t .. r 
UI. ..p. It .2 ICSJl 2,0 ~ " 
ss." .!i'!!. mil 
"p~E\~An~:ESS ~,'{E;aU~lNJ 
'5 ..... 110.0' 
16.]1 1,..116 
U.lt9 15.n 
11.70 U',02 
1'1.71 t 7.'l] 
U.SO 111.93 
n.8S 1'1,89 
22.1!rS 20.61 
n.21t 21. tS 
ZS,90 21.75 
Z".70 22.ltll 
2'.6t 2 J.lt 
<'6.107 210. O~ 
".n 21o.1a 2"." Z'>.1101 
Z'iII.OO 26.3'1 
)O.l1 27.55 
n ... 3 2".61 
]2.103 2''1.51 
n.109 30 .... ' 
' .... 5'1 ll.IIoII 
.. p~E~_~tn~rF'>5 ~~lf~d.tn~"1 
ll. OJ 1'1, tlo 
1l.H 2J. , .. 
2l.n 11. 'Itt 
,,-, 'Iv. n.'" 
lfo.lq ll.'IZ 
"'.11 ,,,. Zl 
111. a .. 1 ... 1" 
)o.or; Z'. J'i 
Jt.]~ 2','6 
Jl.'.U. 11.6' 
S1.'J~ ! j.1I7 
1'.]1 11. t ... 
MDC El153 
October 1914 
OIdlil:\AL l'A(i8 i~ 
OF PUOR QUALITY 
... 
. ,.1. 
FRACTURE MECHANICS DATA FOR 
2024-T8GI AND 2124-T851 
ICC'tAlfI ". 
a=",CII "EI4GI~ 
'1.l. • '65 
11 olio 
1 Z.17 
13.L2 
11.M 
llt.30 
15.0'i 
15.lill 
1&.29 
11,5<; 
til. til 
18.71> 
1 '1.65 
21.12 
/3.117 
!'i.lIl 
?&.II~ 
? ~.101 
~~. 78 
H.lt; 
H.C): 
5Io.l6 
l'i.lll 
,'1'."" 
'11."<) 
100.U 
101.32' 
"'i.SZ 
"".n. 
"II.Z~ 
"'1.M 
"0.<)'> 
'ii.'. " 
'i, ..... 
5".M 
'is. 'Ii! 
~,. 10' 
'>11 '/I'i 
,,~. 10; 
"1.'>1 
b 1. 101 
"'.II1t 
bOj, Z J 
"'.,'1 
/'\,71 
'Q.Io" 
7l. all 
".n 
'OJ,1Q 
".M 
.nlo 
'''1'1 
.ltlG 
.11''1 
,'i12 
,"J"I 
,563 
,<;<)2 
.&t'" 
,6 .. 2 
.foM 
.6'11 
.11f1 
,"'I 
.'75 
,lin 
,;,\<)0 
.'1100 
1.:16 
1.?o;f:, 
1.lll 
1.ln 
,.~ '0 
1.19<; 
1.110'1 
1.1066 
, .'il'i 
l.'Ho; 
, ,f>Z7 
1.f'll 
1.7U 
I. ,qz 
1.alo' 
,.aq, 
1.'1'>J 
2.0 36 
1. 'iii 
Z. I 010 
~.IOjS 
?.lGI 
l.l"l 
10311 
1.171 
l,loll 
1 ..... 11 
Z ,'iiJ 
1.7h, 
1.,'Ila 
1.<)0'1 
1,'160 
1. G'i'l 
CYCLES 
• 
261H'J 
101013'1 
6Z1U 
118U3 
1~S6'i" 
l111qq 
tUI1'ifi 
110167<:1 
11089710 
1'JIIZ'" 
166881 
UZloJ9 
1nOll 
18'i73O 
IIJZ~<n 
lG"f>lJZ 
HlG.7 
HB~'1'!i 
ZZ"lun 
ZiIJOZ'I 
~ !.!!8'!i 
~ J6'i"t; 
Zl'l"7'i 
~~~"'ll 
'!~"'U" 
'!~"','io; 
t"8~&6 
.... OC18 
znOl6 
l6'i"1 
FINAL REPORT 
TABLE 01-20 
.Z,lIlE-DIo 
.17~~[-a'" 
.UHE-';Io 
,"01t;[-0" 
.1081'1[-0. 
• OjOjIoi!l-OIo 
,'jI)lt;'!i[-O' 
.'!in6E-D" 
.73101£-010 
.767J[-~Io 
.8i19'i[-OIo 
• 100!l[-!i 1 
.9t;PH-01o 
.899"'£-0' 
• t 111[-O] 
.12H[-B 
.tIIZ7£-B 
.1~2~r-~3 
.2&Uf-g3 
.n"U-Dl 
.lftl~E-H 
."'02 l[~Ql 
.t;11I£-OJ 
.S5nf-Jl 
.pnO£-03 
.'ltioE-lll 
.''103t;t-lll 
.qDq'l£-~l 
.&nIoE-OJ 
.11"U·02 
.111"[-Cl 
.li!56E-OZ 
.115'(-Ol 
.1 t;" ... £-Ol 
.aon-Ill 
.Zo;&Jf-Cl 
.llO1£·O~ 
• S USE -Ill 
.1IIUE-Ol 
· '""£-Col 
."'lb!E-Gi 
,"1I9cn-Ol 
.t;lt'U-Cl 
,""H-Gl 
.615<0(-01 
.tt'l!l-U 
D-18 
.'HI'i7E-06 
,1""'E-Do; 
.10'OE-OS 
.1;81£-0; 
• aaq7E-00; 
.;>nZE-Oo; 
.1181[-0; 
.ll8Z(-C!S 
.tIl9tE-0o; 
.1~.HE·~t; 
.JI8lfE-OS 
, Jlf6'lE-IIS 
.HME-DS 
.!le"E-e'i 
.'ill1'i(-Gt; 
.10 71o"E-00; 
.71'11E-0'i 
.1I7;t;[-00; 
.1101[-; .. 
.1~q~E-O" 
• 1 'i~"£-Olo 
.1'jIl'E-~~ 
• ~otlE-O~ 
.ZZ'l'![-'" 
.2'&116[-0" 
.11l~D[-O" 
.1'ill[-Olo 
.)t;UE-O" 
.!'iDlE-D" 
.""~'IE-D" 
."6tlE-0. 
.utrE-DJ 
.'10111£-0. 
.1000[-01 
.1,,0,[-01 
.IUIIE-O] 
.1t;OOE-O J 
.16JII£-0! 
.!qnt-os 
.! •• U-01 
.10'>9f-03 
.188'1£-01 
.1'1'\1(-01 
.lOl'lf-01 
to.'iP 
6. ,,, 
6.97 
r,U 
'.lil 
r.n 
r. q,! 
8.11 
11.2" 
110,,7 
8.6" 
B.lIl 
8.'18 
9.1~ 
9.11 
9.6C' 
q.q~ 
t D.31 
111.64 
11.01 
11.31 
11.&1l 
II.!) .. 
H.C'II 
12.&: 
H.'11 
13.n 
U.'lo~ 
11.7Q 
'''.011 
h.l'l 
16.01 
16.110 
16.117 
17 .... 
17. If 
18.60 
t8.1I" 
Iq.~ 
10.18 
10.110 
U.l1 
u.61 
'I,.!8 
1.11 
U.~l 
I J .lO 
I J. 59 
10. ~1 
11.11 
u.,to 
11. t'i 
1;>.0] 
Il. til 
Il.II'1 
H.1I1 
11. :'1 
11.17 
1 !.61 
,/) ..... 
1&.11 
16. '11 
, •• t;Oj 
tII.91 
19.51 
MOC E1153 
October 1974 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
-u.lr; 
~!;. l't 
" r.63 
89.66 
~i!.SIl 
'i6.Cl 
99.1'J 
Hlt.fO 
J.1Qr; 
1.J6l 
l.Io'SQ 
~.uo 
1.6ltS 
1.780 
3.'1115 
".0011 
CRACI( llNr,T1'1 
"'" I~ 
'.'2 .2811 
','lZ .Hi! 
~.Io' .13'" 
I',.J. 
1: 013 
.1.'& 
12.100; 
13.S,? 
1".'i1 
1 ..... ] 
Ib,2' 
Ib,9<; 
1',71 
1!.35 
~I ,III! 
,'1,"'" 
Z~.U 
~fI.t>Z 
.. ~. 11 
''!.l .. 
1:.111 
I! ,"" 
1J.31 
I ... e., 
H,,1I6 
'~.l6 
..... 11 .. 
.... ~~ 
I.CII8 
10tH 
1.1'>1 
I ... Il 
I.<''ill 
1.1110 
I. J 12 
t."'H 
t.o; t ~ 
1."/1" 
1."1'1, 
t.' t~ 
1. ,,,~ 
1.1110'1 
t .q~'I 
l.:; II 
t.t'H 
1.1410 
1. I"~ 
FINAL REPORT 
Dl-20 (CON 'T.) 
l619U 
2fIlIoZl 
26a6llt1l 
26111128 
2'6907] 
269297 
lf9U,! 
269620 
.11'61£-02 
.1011£-01 
.112'U-0l 
.11<:12[-01 
.1'>31£-01 
.191U-OI 
.11190£-01 
.333)£-(1] 
.]9112£-0] 
./t1t1t1l£-03 
'''69tt£-0l 
.6027E~0! 
.176"£-0] 
.'!o861oE-0] 
TABLE 01-21 
SP(CIMEN NUHBERI 
ALLOY fYPEI 
'lP[CT"EN OIl'ENI"'I"'" 
CONS'lii NTI 
ENV1RQNII NI I 
TEST T[otPER.ruPE' 
SPECI"EN THICICN!'," 
"'UmJ" !lTIl 5S1 'II~~:N~~: CYCLE'.; fO FaILUREI 
CYCLES 
OELllfoll/O£LflCN) 
I 
"30'1 
11611' 
11760 
160,. .. 
17ft"!1 
l'Jonll 
lilol'; 
ZZ7a 
"101029 
2 ... ",6 
Z691~ 
uno 
i::'UU 
_9HZ 
1959'; 
" 171 
)1;16) 
J11I7 .. 
!? 771 
J310n 
! 39'1Oj 
)101018 
'lone 
J'!o0'l6 
JOj]40 
)0;9"1 
~~ .. o; ! 
Uilo'U 
16117 
,u'>~ 
J 70'>! 
17114 
17Sl~ 
!7n~ 
",,'0; 
J7.~' 
"'6 t 
H~1e 
"N/C'tlE l~/CYClE 
.11"E-Ol 
.unr·al 
.I.H£·G 3 
.lU6[·03 
.l'lIjOjE-. ) 
.}q"OE-C! 
."z.u-::) 
.OJ.ur·IiJ 
.61';1(·aJ 
.667~f-~ l 
.~UIIE-03 
• 100SE-az 
.1J'H£-U 
• 1000;(-01 
dl6?E-H 
• 13.1£-01 
.11o ... r-a? 
• 110;1E-01 
.uar£-cz 
,Z'iqZ(-~Z 
.2'Q'lr·1~ 
.3.\7£'0 ~ 
.Jlll£·:;l 
.IoI'l'lf -~z 
.IoOJH-~Z 
.Iol~H·=i' 
.bu •• r·;z 
.60ft9( -.2 
.617~t·.1 
• 1I'i1l;£ _~ z 
_e'fteE-~Z 
.1 O.4f -~ 1 
01.911-.1 
,II~ JI-" I 
.Z11~(-" 
,.! ''''tot -v I 
• "'!oO'4l-lt 
.8'1011-:1 
.tlllf·~J 
0-19 
.0;0;01£-05 
.50lftt-Q'5 
.<;'51<;[-05 
.78"OE-O'> 
.1I"lE-O" 
.10;62E-II1o 
.1672E-Olo 
.11 ,,>(.g. 
.1 .. nE·DIt 
... 62&£·a .. 
,)'593[-0" 
.Io~~ 7[-11 .. 
, "So;o;[-Dlo 
•. 1'lS'l[·C .. 
.00lt.IE-~" 
.o;Z7ftE-O • 
.0;6&"[-0 .. 
.689'1[-0 .. 
• 7 .. J~E -010 
.1~laE-Ol 
."I,1t6E-CI, 
.Ilton·u 1 
.IC;UE-Ql 
.1&'51[-OJ 
.1~UE-aJ 
,tf,o;Zf -p 
.Z"66E-O I 
.?Pll£-Q' 
....... "[-01 
.111"£-03 
• h'>'[-OJ 
.IoI27E-ftl 
.C;\7l[-CJ 
,Io"""[-C 1 
,~'''''[ -0' 
.119n-al 
.,,7'1{_Cl 
.1';~'1f·O' 
."lto7[-O~ 
2'" 0" 
2',01 
n.72 
26.56 
zr.70 
18.'17 
10.1" 
'1.2e 
'1.'ill 
9.02 
10.1'1 
10.0;6 
10.'11 
It. "q 
1I.f.2 
12.U 
12, "" 
11.qS 
I l. l" 
tl.~10 
ll. '17 
'''.27 
1",S'" 
",.qf, 
1'1.1011 
16. ell 
16. rt 
17 .26 
H,7' 
IA.21 
U.f>q 
19.10; 
1'1.<;'1 
~O. 07 
to .60; 
11.tl 
ll.AO 
ll.JI 
n.s'! 
13.59 
n.'!" 
ll,.'i" 
2'5. ~ J 
Z" el 
16. qq 
lll.1! 
lI. liS 
22.18 
2],"1 
Z ... 17 
20:;,11 
Z6.37 
Z7,"3 
1 .• U 
t~.;7 
1].'16 
1I.l~ 
11.78 
II. ~II 
11.2. 
11.61 
I"'. ~'I 
t ... III 
'''. ~c 
1'.10 
17.Iol 
1'1. II 
1'1.U, 
~', n 
Zl. ,~ 
zl.n 
12. '" 
2!. <;1 
MCDONNel.L DOUGLAS ASTRONAUTICS COMPANY. _AS-r 
I 
···,t 
MDC Ell53 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T8S1 
IC l'lll) 
" 
S~ACK L[NGTH 
'" '>.2'1 .zoe 
S ,&'1 .2 )2 
&.59 .~o;'1 
1.6& .302 
& .12 olio] 
9.61 .J111 
1~ .21 .10010 
10.1S] .1026 
11.30 .10105 
12.06 .1075 
12. ft1 .537 
~3.J7 .'iZ? 
11.'11 ."Ioft 
1".111 ,'iU 
15.11 .&11 
16.105 .6117 
17.16 .615 
11.85 ,711! 
te."6 , 711 
~Q. 28 .7"111 
~1.76 ,11';7 
ll.o?5 ,'It'; 
210.'10 .'180 
?6.J? 1.0 ]6 
! 1.511 t.t'1I6 
FINAL REPORT 
TABLE Dl-22 
SPECIMEN NUMBER' zo~~:I~U alLOY T'f'PEI LD"Ui~! ~S~ SPEC rMEN OAtENtA T JOM I ~S~~~~= ~J: 
1ESf h:MPEA .. 'UREI JOlo,3 I( 
SPECIMEN THICKNESS' Z2~:~]I4~: hi~)~l{n~ HAlt!IUHA~':H~: 
200 c~a FREQUENCY I 
CYCLES i8 ~Ut:H:~: SQlnCHlC 61.70 KsI6~~AVT~~H CYCLES PAtOR &1.eo HPA 
CYCLES ""/g~~l~ caI/DEL' ~~~~YCLE "P~E~~~:l~~ESS ~~P:~a'nIN' 
• .90]8(-;3 .3'3,8£-010 110.9" 1',611 
'" 
.1102':1E-02 .5628£-0. iii. ao 1 ... 18 
11SIo 
.ZZ36f-Dl .&1I0ItE-r. 16.Qt l'i.]! 
16]9 
,211.1(1£-02 .lU7E-Gl 111.12 11;'109 
lOO! 
."GI1t-OZ ,1'illtE-lIl l'hl1 1'.101Ji 
lZlQ 
.ltlQQE-Ol .t1UE-IIl 19.911 1&.111 
lll!lO 
.I/15<'E-0] 211. S'I 11S.73 .1t703E~02 
210'1& 
.5)]7£·02 .<'tOlE-03 21.0'1 1'J.l'1 
25.H 
.6"6'1E-;2 .l5107£-0 l ZI.f>1S lQ.73 
27010 
.2100'16£·0] 22."0 20.39 .6.5100E-02 
ZiSn 2J .93 .'1"O1£-~2 • nOIoE-Ol 22.'1'1 
lfta'i 
.'1106£-02 .366 .. £-Ol 23."6 2t. ]5 
2'11t] 
.115CE~01 ... 526E-O S 21o.01S 1l.'1Z 
J021 
.101oIoE-01 2".11t Z.i!.f>1 ... !tOE-OJ 
3107 
ZS02i! .995IoE-0i! .J91.lJE -OJ 25.52 
31111 
.lfr1ZQ[-t)t .55qO',-Gl 26.n Z.s.75 
lUI Z6.66 ,,11.26 ,1"ZOE-Ol .5"9~E-Ol 
lZiSJ 
.I'1&8£-Ot .HSOE-al 27.21 21t.76 ]]16 
.1120(-01 .6710E-0] 21S.1Io 20;.61 
lll16 
.1'1"SE-U • 76SIIE-1U 19.:U 211.6'1 ]1092 
,HUE-Ol .121t9£-0i! U,ItO 27.67 
J5H 
• 2t'1107£-0 I .1l21E-02 n.5t 211.67 
3<j97 
.IoMU-Ot .I'122E-02 'Z.'if Z'I.64 
JU6 
3610. 
.'1utE-1I1 • Jo;,,"O£-O<' U.fr17 ]~."6 
MOe Ell53 
Odobe! 1914 
'~ 
~ .~ 
f; 
':-
i,',f, ' 
'i 
:z§ 
'~ i '~ 
:'2 .~ 
'ill 
;';i 
.'lJ. 
)~ 
. II 
~ -~ 
" 
:) 
:j 
J: 
" 
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;;--
i 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
CRACK LENGTH 
HH IN 
10.911 .1131 
U.5~ 
12.08 
·ll.67 
13 • .17 
~ ].5. 
1 •• ]9 
1'1.2~ 
16.1) 
16.711 
~ 1 •• l 
1110 02 
15.61 
19."] 
l.l.16 
lZ.l'l 
2].116 
l'i.Ol 
2&.12 
l7. '5 
19.97 
Jt 1I1i 
JJ. ·0 
, .. ,'2, 
H •• 02 
S' ... 1 
!'l.H 
"0.7, 
II~.]II 
..... l8 
/0,.82 
.. '.30 
'>I.U 
"l.U 
511.11 
'i'i." 
~8.l~ 
b~.Oi! 
&1.81 
6J. ZI 
..... 1'1 
&&. Ii! 
&1.10& 
,"53 
./0 75 
.10'19 
.526 
......... 
.'>66 
.5911 
.6]5 
.661 
.686 
.709 
.7n 
.76,. 
.511 
.878 
.92 .. 
.'IIII!! 
I.Oljl 
l.ij'l6 
'.180 
I.ZU 
1.l'l'l 
1.361 
1 ... ,8 
.... 'l 
1.~1f: 
l.bOl 
1.66S 
1.7111 
1.00" 
1.1I6l 
t.'HS 
l.U 17 
l.Hl 
2.1 J] 
2,182 
l.ZH 
Z.~'U 
2.H.l 
1."'" 
Z./oU 
2.'ill'l 
2.601 
l.&'ili 
1.' ZS 
l.7n 
CYCLE! 
,IItII] 
1103/00 
105ll'' 
'J9961 
6Ul1 
131111 
U'l6" 
9')108 
IOUSt 
109692 
UllISI 
U1 .. , .. 
UU72 
12Sf .. 'i 
U"'II'i 
1100111 
l11I'!'S 
'IoOJOJ69 
1~1&&'1 
UO'Hl 
I~zn'i 
15U59 
1" .. 9' 
'''61101 
1~'''''9 
l'i8 .. a. 
1 ~hO~ 
16011& 
16nl!!l 
lfil6H 
161061 
lH6l" 
11100 J 
16n"~ 
l~Jes .. 
16"OJ'I 
lUll' 
ItI .. SZl 
I!IoIl/o 7 
16'i06. 
16'B'Io 
U'i!'16 
In~I'" 
H"~'>/o 
ttl'i"6 
1!~a1 .. 
FINAL REPORT 
TABLE 01-23 
.3<;1I11oE-0" 
.UIj6£-0~ 
.5"06£-0. 
.~7'.in-olo 
.6'1ZZE-Olo 
.783t;1E-Oli 
.7930E-O. 
.53011E-01o 
.96ZIo£-0. 
.816!E-01l 
.1&80E-03 
.,/03"(-03 
.1"11(-01 
.1907£-03 
.na7£-QJ 
• Hl'iE-O 3 
.~05lf:-a3 
./otl'lT(·Ol 
.1I909E-GJ 
.,8Z'U-Ol 
.5I1U£-U 
.811"''i(-01 
.Il.l!lO(-Ol 
.1586E-02 
.132'E-02 
.1'iro."!E-Cl 
.11157E-02 
.l13'i!·02 
• ZZ'iIE-OZ 
.1l21E-Ol 
• S3'1lE-H 
.1Ill71-0Z 
• 39t7(-U 
.'ililliE-IiZ 
.3'1Cl[-02 
.HliH-GO! 
.796)(-02 
..... "0[·G2 
.S6lH-H 
.OO'l7(·Oi! 
.IJlM·lIl 
.696lE-02 
.1I1ll-'1 
.'1887(-02 
.1l9z(-U 
• I JII'!! -g I 
0-21 
.1S5U-Dli 
.U2ftE-D' 
.lUOE-05 
.U7:JE-OIj 
.Z125E-05 
.3086E-05 
.1U'iE-OS 
.H03E-05 
.]709E-05 
.12111[-0'.1 
.71100£-05 
.56107[-05 
.! 999E-05 
.7501SE-05 
.100'JE-OII 
.U09E-OII 
.1'i9,£-0" 
.UIt9E-0I0 
.I'1SlE-O" 
• 3002E-0 .. 
.n20E""" 
.11 ..... E-01I 
.IIo6I17E-O. 
.62116E_OII 
.'i22/o[_OIo-
."071E-O" 
.rUlE-OII 
.'1I'1IoE-Oli 
.U6J[-QIt 
.9160E-01I 
.IHU-U 
.1'Oll-OS 
.151:02[_03 
.ll1'J£-Ol 
.1'il6£-OJ 
• HUE-OJ 
.113'E-03 
.1'6IoE-OJ 
.ZZl'iE-OJ 
.!tIlIlE-OS 
.0; l1'lE-O J 
.27It1[-OJ 
,"UZE-II.1 
.n'llE-OJ 
.liloeo£-ru 
.SU6[-Ol 
., .01 
1.19 
1. :J1 
1.56 
1.n 
1.18 
5.117 
5.lS 
O.5l 
5.10 
111.56 
9.0~ 
'1.20 
'1 ... 'i 
9.110 
10.12 
10." 
10.1111 
11.11 
11 .10111 
U.57 
Il.19 
U.'i2 
1l.8" 
13.11 
1l.1I1I 
1l.15 
'".ll 
110.119 
11:0.81:0 
1';.15 
15.0;6 
15.'16 
16.l£' 
16.'i' 
16.117 
11.15 
I'." .. 
17.ao 
la.I'I 
18.ljli 
111.1118 
1"1.21 
1"1.5.1 
1'1.U 
lo.n 
6.1' 
6."1t 
6.11 
6.1111 
1. Plo 
1.1.1 
7.3-
'.56 
1." 
1.91 
111.06 
lII.ll 
111.]7 
111.60 
0.'12 
9.21 
9.'li0 
9.510 
10.12 
to.ItS 
te ... 
It.l0 
11.110 
11.64 
11.'i'5 
1l.l1 
IZ.'51t 
n.1II6 
11.19 
11.'51 I" 7'1 
111.16 
1 .... 53 
tit. 80 
1'5.0a 
1'.1 • 
1'1061 
IS.1118 
llo.1"1 
16.'i6 
16.alll 
17.10 
1 '.ltll 
17. " 
18.119 
18 .... 2 
OIW;j\,\L I',\(;j.; I::; 
OF PUUR QUALITY 
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FRACTURE MECHANICS DATA FOR 
211l4-T861 AND 2124-T851 
e'ICIC LENGr" ,~, J~t 
•• O! 
.35' 
•• ta ., .. 
H.n ,ltll 
U.I1 ..... 
U:7.1 
.'11' 
lit ... .~7. 
15.U .," 
,6.n .6n 
16.f, 
.6'1 
LP.ltS .... 
lI.U .116 
u ... ., .... 
20.1t2 .u, 
n.rl 
.1" 
ll." •• u 
r'.olt •••• 
li.IZ 1.111,' 
lI.U 1.1.11' Z'.It' 1.Ul 
n.n l.ll' 
u.,. 1.JI' 
lI.ll t ... " 
lI.U t."" 
1t1 .. 1., 
C'ACII LENGTH S~~'I .nll 
'.ill .,"'. 
'.n .,IC 
'.'3 .JOl 
I •• J 
.J" 
'I.ll .J6' 
IO.Ol ., .. 
1 t. (1 ,10'" 
1'.JI .10810 
".z, .'!o23 
1 •• 10 .SIJ 
Ht." ,"!l1 
FINAL REPORT 
CYCLES 
1 
"., 
.u .. 
un. 
t,.t.n 
".a .. 
U171 
lUst 
UUll 
tlu. U,,. 
U.U 
lUzt 
,n'" 
I ... " 
ZlIl' 
IU'" 
",,. 
",., 
un! 
IlIU 
nit" 
21111 
lUtz 
CYCLES , 
." 
... 
un U., 
,"'. 
lOS"-
lHfI 
'''6 
1111 
"60 
.11. 
TABLE D1-24 
• l'nll-II 
.nlt"-" 
.itIiIIE-II ,'U'E-If 
.n.n-u .unt·,,. 
.67111l-1S .!lUI ..... 
.Inu-u 
.32""-1 .. 
.,I.U-U .51111-11. 
.14121£-12 .UUE-I" 
.1J'zn-1Z •• "IE ..... 
.'II61£-U 
.I"n· ... 
.UIU-U .• "n ..... 
.U"E-02 .UUE-ilt 
.u'n-" ..... "-.10 
.U71["U .,"ZI-U 
.n·ur .. u .11"r"l] 
."1"-12 .1I·"r-u 
.snu-12 .u .. r-u 
.!I"'U-U .21llE-U 
.... n-u .Z1Ul-U 
,'''''-iII .u"r-u 
.... Il·U .21"t-1S 
.tt.u .. U .",,,-., 
.1"'~"" .... IIl .. ., 
.,un-" .UIIoU"U 
TABLE Dl-25 
"",gn H CI IIOU TtA'hcu. 
.,,,,.1£"" .00,U(".'" 
.,nn-It .... tE-n 
..n., .. a2 
."", .. u 
."''1-12 
.'06""" 
•• un-02 .ti .. , .. u 
.6016l-U .U6":-" 
.1Q14o£-U .IoUII-U 
.1211'[-01 .... u .. u 
,u,n-It ... 12[-., 
.1)2.6£"111 ,,.", .. ,, 
.'1110 .. [ .... .",.[ .. u 
0-22 
'.t, .... 
1.1.11 ,'.11 
u.n '.J' 11." &I .... 
u.u u .... 
no" n." 
n ... n." 
1S.11 '2." 
u." U.SI 
n.1i u." 
1 ... " n ••• 
, ..... , U.,. 
, ..... u ... 
1'.'" ,,,.," 
11.n 111 ... 
It.n ".1' 
17.1t II," 
"." 
11.1' 11." ,I.u 
11. " "." 
n.lIol H ... 
11.11 U.S. 
21.11 ,t.tt 
•• i'\Um!''' n1'WlH .. 
13.1' n.n 
... " .s ... 
".lI II." 
n.I' ."' .... lI." ".11 
.,.,,, 
.S.7I 
lI,lI , .... , 
.•. .., 11.'S 
n." ... n 
n.'" k'," 
22.2. n.'" 
lIIe EllS! 
Oct*! 1974 j 
I 
1 , 
I 
• 
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i , 
! 
J 
1 
I , 
l 
I 
~ 
FRACTURE MECHANICS DATA FOR 
2rrz.4~T861 AND 2124~T851 
.Z5 
CQACI( I.:'HG'" 
;~~9 J~,; 
.,.~" 
':I.!.7 
1~.79 
&l.n 
11.'/0 
12. '1 
110 .~ 
1J ... ' 
11o.1o:! 
15. -2 
IS' ... ", 
til •• ', 
16. '1': 
11.~.:. 
11.'1 .. 
,,,.n 
tl. 'f? 
:!.:.,:;6. 
?h~6 
Z3.1:i 
ZS'.a7 
Zf:.12 
tlt.:!5 
.i!~ • .;.s 
n.:z 
17."!"I 
lS.n 
h-.81 
' .... J1 
J7.105 
fl. ," 
:,.:.-z~ 
Ioto,,~ 
''?.If 
~ •• 1t5 
Io~.~l 
41 •• 1 
104. tfo 
_'i.''; 
51 •• ? 
-';!.11 
5l.':;) 
i-hltl 
Sq.,!:,! 
'SoZ ... ! 
"1.15 
65.';7 
".,.el 
"q.tS 
• J51 
.117 
.'ns 
dU 
1.:52' 
1.Ut 
1.11,~ 
t..!i!!1 
haf1 
1.328 
1'.31'1-
t."Je 
1.,,'/0 
1.517-
1.,"'1,5 
1.illS 
-1.6,3 
1.1;': 
t ... : .. 
1 • .,&7 
i.'il" 
1.. J5: 
Z.J:.& 
, .. Ill 
loU::1 
z.~u 
2 • ..11'+ 
ZolH 
2 ..... 2. 
2'.-,.'h Z.-,,, .. 
Zoli!Z 
Z.'2~ 
FINALREPE)RT 
CYCLi.~ 
HS .. " 
·£72'tl __ .. 
12tH 
18l.'i 
.. a!;l& 
101(10' 
';=5~ft 
::;lUQ 
1j6ta'1 
;;!JU: 
,,;-un 
">Z1j 9 
foSI']2 
""F'~1 
i>n'l1 
~t:I"l1 
l.i~~ 1 
12,lT 
'4"1o~ 
'H'" 
,"1'1 
7ft"?:! , 
'<;11010 .. 
~-i';' 
~lr~ : 
~i.f-lr, 
'22!!ft 
11~':! 
1]1 .. 10 
1.'''n. 
'1lot,q 
'11o~!l 
~ .. ,.., 
~!itl • .a _. 
~~'E:!f' 
-l~,.t , 
II'i1Sl: 
""i!'ilf 
~r,~n 
}"'H 
'60 " 
'1,uQ 
n'Io!' d", 
", .. 10 
!I,qJi! 
""q'4: 
U'U 
,Ill .. ! 
!8ijtlo,J 
TABLE Dl~26 
[l~I.u.tatlOIi:t.UUU .' 
""'eYe .. !!. Itt/C'Ctf 
.11~"';-G.. .z:O"2~.!l·' 
.!7Ur-(l1o .3C1"e-cs 
.1Z<!':'E-ii! 
.U4f:~-'l 
.'IoH£-~l 
.iiltlE-iU 
.HS1=:-.!l 
.2]'-110--1-1 
.21t:t1.~-t'1 
• 2811£-;] 
.26~7e:-IIJ 
.UIt.;!;'-:! 
.• 212I)F-~3 
__ 5'a2~1:'-1l1 
."75.r:!~''t 
.It"'I0-""-\·,J 
of7t:!E-)';: 
.7131oF.'-,"3 
·7i~,jf·n 
.91.E.U-U 
. ';_.-,i-~t IiE-! l 
.i'2UE--~2 
.. 11t9,U:-:2' 
,.liQ7£, ... l-Z 
. • up,<: ... ;t-
.1U;£~,: 
.2!f1o~E: .. 1)2 
.:.;:~"e--';2 
·'~27:.;e:-0I2 
.2,j[J;;,-l2 
• Hfl:-02 
.-nue-Ill 
.:nllF .. ~.! 
.It'~ltE,-Jl 
.1t'!-1~-02 
.-Sll1!-:Z. 
.S'Jl::-~2 
.SUIIIE-02 
.,,.'1oi;"~2 
.'.!"::;r-~2 
.7ZH£-~~ 
.11i"U;";)~ 
.llt U·_oJ1 
.12"'~-H 
oI!lHE .. J1 
• 1&Zle;-:l 
.1~ .. -t(·')1 
.ZZlfze--a 
oi2i .. ,,~-lt 
.1082S£'''~ 
.lt5nE-t":, 
.5~11t£ .. e5, 
.nlo'3e: .. c~ 
.61'i'iE. .. es 
.q~'iot£-i:5 
.9'!il1E-il:O 
.. 11:i7E-S • 
.1.ltl!£-,,1o 
.1317£-:" 
.lUcc::-ol1o 
02291£-01.-
, .i!i!'S7E--:1o 
.111ISCJlf-ZIo 
.2'2~if£. .. CIo· 
.2i!IA'~E:"':'1o 
~·lt~·:~-IJ"" 
.381o"e:-.'", 
.":149t.-(·~· 
.1t1Me-eli 
051l1&e-rlo._ 
·::':~~8&£-iJ .. 
.J'59Je-'~~ .. 
, • .!Z"~E'-i:" 
.1tC:;l-t;f 
.1~2Se-,lJ 
'.l~o~e-o:.J 
.98510£.-::'. 
.1i!'4.t .. !l! 
.1",llE-al 
.15104£.-:J 
.U·,JE,E'-';' 
.HUt-: , 
.U'Jt-U 
.2'''5l£-:] 
.!15SE-,u 
.UIIo2£-Cl 
.29!J'E-'U 
.lab.!-:] 
.lIl4a-:J 
.!t'11(·!!J 
.3'lr,.1!IIE'-03 
... q{j .. ~ .. 'l 
.6USE-U 
,flJ82t-H 
.n21£-O" 
.9tUe:-O 
."Z1E-!;! 
U.'l~! 
11.111-
12;.U 
l-Z.lj;-
n.ll 
U.S? 
n."" 
1".11 
!1o.'1! 
15.117 
1!;:.105 
1S.'t; 
11:.(1'1 
16.J2 
1&.G1 
i.~.qe 
1'.23 
l~.SI) 
l[1.n 
11!.'; 
1Q."Q 
i!.1J.1,l 
le.111 
21.1t,. 
~2.l" 
12.G~ 
-U.17 
2l.7i! 
.l!1o.2J 
lllo.' .. 
2!s.n 
l5.U 
:!!G.17 
lE:.51 
2'J'.n 
2J'.'12 
28.5: 
2'1).11 
!I).IJJ 
J:-.l~ 
-lI!:'.51 
U.!3 
31.'12 
lZ.'ie 
U.Sl 
1".:!7 
lIt.9! 
35 ...... 
JE:.t.-l 
lJI.1? 
J7.'iE-
ie.e6-
11.1.'0 
U;12 
n.51 
(1.'3C-
12.111 
ll.f.9 1'.il,. 
&J.n 
13.'Z 
l1t.~Ei 
l".llt 
llt.~1J 
110.11& 
l'hli!' 
15.111 
l'';'~1I 
1ft.:l 
16.105 
n.n 
U.7! 
1II.!2 
111.'31 
n.n 
i!'1\~~1t 
2:.ljl 
i!'1.c-a 
i!'1.'5'J 
i!'i!'.a 
22.'>2 
23.-:'t 
21." .. 
23.99 
Z".106 
Z".90 
2't;.lol 
i!!i.IJEi 
26'''9 
ZE.96 
2".31l1 
21 • ." 
lao.toZ 
2'1!II.9S 
i!9.-o;I't 
1 ... 51 
31._19 
;H.le 
Ji!o.tolt 
"_15 
!J.n 
lIt,.n 
ORIGINAL PAGE IS 
OFPOORQUALlTY 
III!: ElI53 
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FRACTURE IECHANICS DATA FOR 
2124-T861 AND 2124-T851 
IC ,1'111" ':1 
C~ l'oeil Lt"C.l " 
.. 
'" ",101 • ~l! 
". 1\ ~ .' Ji> 
our", .~r;1I 
1.~(· • ?Jft 
,. ,., 
• '1~ 
.... !r .. .In 
10 !1 .He 
~ •• 110 .3"1'1 
~.,~i .10 ~~ 
U,~3 ... C; .. 
~ ~. II~ .Io_~ 
1 J, J .. .'·110 
l ... tll .1;;" 
I'.· ..... ,~l ~ 
1 ",."; .' Z/o 
~, • ~ J .~ ~~ 
l' .1" ." ~~ 
tfl,<;f .7! . 
l~.IoZ .HIo; 
.. t.;;<1 .~ l~ 
;;.1; ,~q~ 
l· ... ~ .ll" 
'.,,,', t." ,,, 
" .. ~ l.tH 
, ".:~ 1,1111 
'I.'" 1. ' ~ .. 
\.,.' , 1."<, 
; .. , . I.· .. ) 
\',.' ~ ... G I 
".". I ... P 
; '.'" 1.·, ..... 
FINAL REPORT 
TABLE Dl-27 
,>p"ell1[" NU""tll!1 
.lLLO' "lOt t 
5P £:'II1C11 OQIr","flIJMI 
rONSTOllNt I 
E'II'I'<OC'4"(N'1 
'(';0' lr."P~Q.\Tll~EI 
SP£Cl'tEI> fH1CI('IIrSSJ 
.... II'UI1 ~H(SSI 
II_IIU1Ot 
F~f/)U~"C'I 
cycus 
" 
Utlll'lli 
e'::lE ~ ""NR 
" 
(lILt/IiEI .. S .... HPa SOIiT '"' t 
'JEt. fI 'U,Il[lUIN' 
e'CL::, "",e'tlE tN/CYCLE 
1 
.21!l'!i[-Gl .UIl"'E-~; 
~S.i ) 
• 2~,.~(·J l .11i!'E-Q • 
Io'h ~ 
• 1o~'1f-~3 .tI .. t.£-~ .. 
; .. , .j 
.1j~l'£-GJ .14'11[-alo 
1l11, 
.,,"'1'£-t1 .2'j'i·E-CIo 
ftl.~ 
• ,o; .. n·" .HI& .. £·, .. 
llH 
.1C~o;£·G.Z ."J1.~E·II" 
'1'187 
,122Z(·.2 ."UH·;''' 
1: liq" 
.IUII£·Q2 ,"'IoSE·all 
111 ... 
• If<;IjI·;Z .,,'jUtE-g .. 
U7~<; 
.ZlH[-tZ .... 6 .. 10£·010 
!ltZ; 
.ulon-az .Alou£·alo 
11 ..... 1 
.zr,Ul-Q" .lCI6£·31 
~.!ft"7 
,17I11l£ -~i' ,tJ .. SE·U 
l'lH 
.Z&)U-;2 .lel1E·QJ 
1 ' .. 31 
,lh:£·U .11t]][-Ol 
tH1 ~ 
.IoJIoU-tZ .1'5·U,E-;3 
tH,)t 
.","U-al .UUE-"3 
1101 .. " 
.1o!r"I·at .","JE-II) 
1"<;.3 
,b!1;r· .. Z ,Z""IIE-JJ 
~ .. , .. t 
.<;CU!(·tl ,nUE-IIJ 
1<; l'.·1 
• '8; if -;2 .507'i[·a3 
1,11' 
.1!d"l-~2 .SIonE.; 1 
l~ .. i 4 
. t: l1f • .. 1 ...... lii·;! 
, .. ~ 11 
.11f>l{-.1 ,"'HiIol-a 1 
1'> 7i ~ 
" 14H-1I1 .<;Iololtr-a! 
~ <; ~II' 
,1"llf -.1 ... ! .. ~[_ .. 1 
:.'i~I>~ 
.1tortE·a ."U.£-aJ 
I" ~ 1010 
.11~"l-.1 ,7;.U(-n 
Ib1' 4 
.Z .... I£· .. l ,'lfl~~£-l , 
l"~) " 
D-24 
UU·Z'Ll 
znlt-fl" 
LONG nu01NIL 
UM!TIFFEIilEO 
"GaM 
lU •• , 
1.,,0j .. (.06" 1"' 
UII.f: ,.P. U1.l 1($11 
.~'I 
... CD' 
16'1110: CYCLES 
11.12 
'" 
SonIIM" 
OEL, .. ,SUE<;S I"T!OMSlfn 
,D' SIlPT .". '" 
SQRTUNI 
u.u lh61 
15."" , ... 110 
If .... 11 , •• ,j; 
11,11 1" Pi! 
18.11 U.1I11 
U.'1" 17. ~ .. 
1 •• 71 1", O~ 
zt.f;) l1106ft 
H,ll 11.]') 
21.'13 1'1,'11» 
t2.71o ZJ.I','1 
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FINAL REPORT 
FRACTURE MECHANICS DATA FOR IIlC E1153 
,. 2024-TI61 AND 2124-TI51 Del .. 1974 
J 
:yo 
f: 
~. Dl-15 (CON'T. ) ~'. I .:li7U-U .12'~E·02 '11 • .17 .. 5.141 F o;It.1D Z.UO 161'" "'.'0 ~ .liUE-1t .iU.£-gz n.". , , '!io3J' z.uo liin 
.16z.JE-\jl .31101£-12 '52.21 1,'.'1 , 
• "'.21 t.lS'S lUIll r:· .!tU("11 .22DGE-12 53.2t .... ft, , • 51.61 Z.UO tun '51t.SI .... ,.  
I F 0".5' 2.US 162" _"ISt-'l; • I7,IE .. 12 
..... 7[ .. 01 ,nllE-Dt 55.,." '1I.1t' 
f· f r.l.1S 2.".5 16261 
.1"61£-01 .usu-u 'lil.:!t u.n 
• Iol.12 2." .. ,6ttl .U2UtIlG •• nOE-02 .'.215 '2.10 , ~It •• 1t 2.!lIt' 162.., 
.U,,[ollo SI.SIt '5).21 , 66.10 l.toSD 11301 .Yon£-D2 
.1I5.UIII1 .1l22E-D2 n.11J 11t.'b , 61.115 2.,,, 16U" u.n 155.5\ .2t17[tU .1t'5111:-02 
• 69." 2.7'.iS 16321 62."" 0;6.12 .U1U:tDI: .UIaE-1t , 72.26 2 .... '5 uu, 
, 
TABLE 01-16 
IC Cit .. , 
CltlCtC LENGTH CYCLE~ "",gnu'··/DU Tt~'hCL[ "p~£~&A.l~~E'S 4~IE~gAl~\NI 
"" IN 3.62 .11tS 
• nnE-02 • U.u· ... 15 .... n.61 
Io.n .110 
'" .J29U·U .12'18£-13 
Zt.OC 2'10"8 
... 91 • 1910 ... 
."'2"[-112 .1I~lE-U n.1l 27.33 
s.n .us 
'" 
,,"I1E-12 .U3'l(-" 31." 21 .... 
•• 21 .2"'1 .. ,
.&eqItE·OZ .U'IU-Ol ll.3' J~.J' 
&.'11 .212 
'" ...... t·DZ • U.IE-Ill n .... 31.'1' 
7.U • 2''1 1 .... 
.unE-tIl .U .. 9£-03 n.tt n.12 
e.19 .32Z 1137 
.9911E-12 .nDIIE-QJ 1 •• " lit .... 
'1.07 .'57 U2f: 
,,,6!E-n .,lIn-., " •• s n.n 
'1,10 .,I!! U'" 
.15271:-111 .6UU:-U .. 1.-'2 37." 111." ... lZ 1]1111 .nUt-et .'unE-I' ",.De 3'1.13 
11.2'5 ..... , 13.2 
.nUE-et .1Z'J,e-Dl ..... 7'S ,,3.1l 
ll.Z" .... 2 un 
0-15 
................... ,.jl.. 
I 
, 
i 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T8S1 
KIHAlCI 
~~"Ck LEHG{~ 
7."9 .i!'I'5 
8.12 ,lU 
9.1'1 .1&Z 
tli. i!~ 
16.61 
11.ltO 
1z.a" 
lZ.7'I 
13.!5U 
1, .. 32 
15.11 
U.71 
1£._10] 
11.21 
u.u 
u.a] 
!L.Iol 
ll.n 
Zl.O; 
i!4.S,. 
Z&. Q~ 
Z7'''10 
l'hllS 
30 ... :5 
lZ.CZ 
lJ,U 
lS. Jl 
Jr.. 710 
le.21 
3'J.1l1t 
Itl."~ 
.. l.TIo 
.. 10.110 
"'j. 310 
1t6.1\1 
108.15 
"9,71 
'it.95 
<;].09 
0;;10."9 
'i6. J) 
'i7.107 
Ij'l,U, 
r,~. 50 
bJ. J& 
&5.7e 
&1.Z1 
&8.e, 
b'h" 
10.29 
It.81o 
./tn 
.1026 
."''''' 
,10110 
.50] 
.'iU 
,0j6,. 
,0;91 
,r.u 
,&47 
,,,n 
.i'll 
.1101 
.&010 
.85'5 
,,! )1 
."66 
I.e lit 
I.ceo 
1.11010 
1.1'18 
l.l&1 
I.lllo 
l.l91 
I."'" 
l.sa7 
l,o;r.1 
1.610 
1.""3 
1.138 
1.785 
1.810] 
1.~'1& 
1,,,"7 
l,IoU& 
2.,",0 
z .110" 
z.zu 
l,Z'S 
z.121 
z. lSi! 
2.10103 
2 ... '1" 
2.<;'10 
2,61.& 
z.HZ Z.,,,, 
2.1&" 
l.T!!'I 
C'I'CLEf 
''1'56 
18l1/t 
2110'510 
lOlai 
~"'l' 110"'5 
3'1!i" 
"21tH 
,,'nil 
10'1061 
"all". 
50116 
SHU 
51166 
;112110 
!i6zn 
HIoU 
5116Zl 
5'1518 
flDIiZZ 
6U"~ 
Ut2! 
U1j2~ 
6Z9115 
U3101 
nU'J 
6liar& 
61t]111 
t .. 5f11i 
6"lt~ 
65007 
~'ilU 
~53U 
f5 .. U 
656111 
60;;760;; 
61111&10 
66003 
6&068 
66151 
66211 
66219 
663310 
~6116 
fitllollo 
f61o"] 
6611110 
U5~O 
usn 
USll5 
U5'i'i 
FINAL REPORT 
TABLE Dl-17 
,71177E-01o 
,l!!JOE-O] 
.UsO£-OJ 
,20:1&6£-03 
,lS06£-OJ 
.Z2 .. n-~3 
.3112U-03 
.Z162£-0l 
.nUE-OJ 
,3815£-0 ] 
.foD78E-~3 
.... Zl£-Ul 
.S2ur-OJ 
,nUE-03 
• 7911£-0] 
.a~":--93 
.1092£-02 
.Ullo£-ItZ 
, ts61iE-12 
.HZ7£-OZ 
,UIU-1I2 
,HUE-Ill 
.27n£-It2 
.1279r-Gl 
.lilll£-a2 
• lo7'Io£-D 2 
,31o;'J[-IIZ 
.6"73£-02 
,'.07103£-02 
.6o:1Z'I£-02 
.611IoE-IIZ 
,77llf-1Ii!: 
.'17o;rE-~l 
,1l1Ijf-gZ 
.1t11E-~t 
.947'1[-02 
• l20;: Jf-iil 
• 153'1E-Gl 
.U61E-U 
,220'l£-Cl 
,191)9£-01 
,ZIIII~£-'1 
.2411j{-itl 
.36Uf-a 
.3"10&£-01 
."90;:6£-(1 
,61Hr-el 
, .. 6br[-ell 
.0001III1o£-C! 
.0:>1'110£-01 
,'5O:>llE-QI 
D-16 
101,n "Pi 
.trUE-OS 
./oSnE-O'!> 
.,,3&E-O'5 
.1168[-Olt 
.nlOE-OS 
.11I32E-IIS 
.1192E-Olo 
.11511£-05 
,1321£-Olt 
.1'502£-011 
.1606E-olt 
,ln9E-UI+ 
.2~7o:1£"~1o 
.121t9E-01o 
.1122£-0 .. 
,1170;£-010 
,10300E-1l1l 
,4'I!iE-1l1o 
.61'56£-11" 
.61101£",)" 
.11002[-010 
• U,ZIJ£-Qlo 
,1119lE-a] 
,t2.91£-0] 
.11152£-11] 
.1II72£-OJ 
.1Iol0E-D] 
• .-<;;IoIlE-03 
.2261£-01 
.21'-!£-0 3 
.161][·0] 
,]036[-D3 
,l~/oI£·OJ 
• '291[·0 J 
.106119£-0] 
.173<'[-03 
,10'114[·03 
,600;1[·OJ 
.11510;£-13 
.1160:19£-0] 
.7<;;11£·03 
.971'1£·;3 
,,,0;12E-03 
.tlll<;;1[-02 
.1 )<;;1£·0.-
.1'J!H£-0<' 
.2f."'E-0'-
.1II37E-0'-
.2UtE-D2 
ZI1lo'5£·OI! 
.217GE-02 
11.10 
11.70 
12.1111 
12.n 
13.27 
13.6:1 
1 1 .. 010 
1,.,1115 
lit • ., 
10:>.]] 
15,11 
l6.n 
16.1t0 
16.1.-
17.21 
17.16 
1 .... 3 
19.03 
19.66 
ZO.]C 
20.9Z 
21.S6 
22.111 
22.111 
23.10] 
21t.t'J 
210.71 
20:>.29 
20:>,9C 
26.51 
27.C7 
e7.61 
ZI.U 
Ze.6~ 
29.111 
2'10 70:> 
JO.30 
10.91 
St.M 
n.]~ 
lZ.911 
n.0;2 
310.110 
310.70; 
]0:>.16 
]6,16 
n.ra 
Jr. 70 
n.2A 
la.6Ci 
'1.115 
10,111 
111.65 
11.29 
11.76 
12.07 
12.1t1 
12.77 
1l.iS 
U.SIt 
tl.'J5 
110.29 
110.0;' 
110.92 
IS. Jr. 
15.66 
16.16 
16.71 
17,lZ 
17.n 
ta.1oI 
19.01t 
19.62 
l~.19 
2~. 710 
Zl. ]Z 
21,on 
22.IoQ 
Zloal 
23.0:>7 
21o.tZ 
21e.61o 
20;;.12 
2';' 51 
26, " 
26.56 
27.01 
21,0;1 
ZII.n 
lll.13 
<''1.102 
2'1.97 
1~.0;C. 
31.07 
31.62 
31,111 
32,91 
n.M 
,10,11 
,/o.flil 
n.ll 
]'.30; 
MCDONNELL DOUGLAS AST'RONAUTICS COMPANV. aA.T 
MDC EI153 
Oclollel1974 
, 
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i 
l 
1 
l 
1 
~ 
1 
1 
1 
! 
i j 
~ 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
fi~"CIC LEIf'l= 
5.iO .221 
6.n 
.211' 
1.DS .277 
1.2& ,n6 
'J.2. .:S6Z 
tO,l'l ... 01 
H.lt ...... 
12.3') ,ioU 
ll.U ,;1'1' 
,J.n .15", 
llt.63 ,Ii,. 
,5.60 
.61" 
16.U .663 
,7,76 ,6" 
1&.76 .131 
19.11 .n. 
21.'" .,'" 
23.25 .9Ui, 
210.76 .9n 
26.110 l.on 
H." 1 .... 
2'h'" 1.11'.11 
a"'C( lENGTH M IN 
1.1'09 .1'" 
... 2t .H,*" 
".71 .Ur, 
5031 .20'1 
0; ·&2 .t2, 
6 ..... ~ .2~1io 
'.tIt .2,3 
7.M .102 
1.100 ,J:!l 
'1,ti! 
.n9 
'1.13 .Jll 
to.71 
."l2 
11 ..... ,,,'0 
CYCllS , 
,'tU 
Z61. 
",n. 
'U'I 
flltZl 
ni' 
7'5' .. 
,,, .. 
106'1 
UIU 
u.a 
1796 
.au 
911l1t 
9n7 
.Ul 
'IIioU 
9:'1 .. 
971l 
9.13 
'1'100 
CYCLE'i 
1 
'" 
'" 551 
." 
'" 
'" 
'" un
11117 
un 
Ult~ 
un 
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TABLE 01-18 
n.OJ" "PI SQItTI"'1 
"",snu ca"DEL TU'~VCLE 
.,arlE-u 
. u'n-'''' 
.""1E-03 .2311[-011 
.t.'SaIlE-U .2I11!-'" 
•• lttE-U .327'5[-0" 
.1IO.'SE-OZ .l'JSDE-O" 
.UDU-OZ .IUSillE-DIt 
.Z"IIE-GZ .1II1U-'J 
.ZltUE-DZ .9"11.-0", 
.ZlODE-DZ .u.n-13 
.U15E-Oi! .1526E-UJ 
.13'''£-02 .13361£-113 
.S9"U-~2 .UIt2E-U 
.ItJUE-U .1106£,,13 
.nUf:-02 .2'I'2E-1U 
.n3n-42 .3SlIE-GJ 
.'''U-02 .lUU-1tlI 
.'1'107(-,"2 • ]901[-03 
.16tu-at .lioltltDE-DJ 
.lnu-u .61Iiot.E-D! 
.1915£-01 .7617£-03 
.U68f:-01 ''''21£-03 
TABLE 01-19 
111t/~~~U C a II DEL' ~~'~YClE 
.UD'E-U .'''3£-0'' 
.H'Uf:-U .1]J1£-03 
'''132E-02 .1627E-U 
.... t .. [-02 .1nn-0l 
.10101'0£-02 • 1761E-0 3 
.'IlotU-1I2 .HOI£-II] 
.1S6Zf-U .2'171E-O] 
.'JIi,5IE-U ,172U-0l 
• UU£-Cl ... un-a! 
.18ltl£-Ot .7,:7lf-·H 
,lIollE-U 
.'6DOE-Ol 
.2'1!)U-Ci .111oIoE·~2 
0-17 
'UliiliK 
ul:t',~1 hl!!I;'j! 
',t! JJ." .U'I8. Imf 
•• i'~Alm'" m'lIIm" 
1.'5 ..... 1.,05 
li.n 1 .. ,:all 
11 .... .,.1)2 
11.1"1 :1.7.02 
l'Jo 11 17.'13 
n.1O 11.93 
U.IS '1).'1) 
22.M 20.61 
n.r" 21.15 
n.'J1l 21.1S 
ZIt.7D 22.'" 
2'.61 ZJ.1C 
26.10' Zit, a. 
21.23 211.18 
27.'1'1 2'5.1t1 
29.00 21io.JIi 
]D.27 27.155 
",,,3 U.fI1 
]2 ... 3 29.0;1 
33,"9 30.111 
'''.S'I 31.401 
ItpiE~.~~n~rE'iS 1;IE~~nl\HI 
21.03 1'1.110 
22.37 2J.lfo 
2J.12 21.59 
21t.'!II 22. ,,. 
U.2'1 21.92 
21.71 2'5.22 
21.1'1 26.2'1 
lI. DO;; 21. J' 
J1.3& n.':ilt 
J2.5" 21.6' 
]:t.92 'JoI' 
]0;.32 H', tit 
IJIIC EU53 
October 1914 
ORIGINAL PAGE: k3 
OF PUUR QUALITY 
I 
.j 
j 
1 
I 
I 
1 
1 
I 
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I 
! 
I 
f 
! 
........... 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
". 
a~"CK LENGl~ 
1:1.310 ,161 
10.01 
1~ .610 
11.110 
12.11 
13. ~Z 
il.69 
llo.U 
u.n 
15.511 
u .. n 
u •• q, 
11.1') 
U.1I 
18.76 
1'l.U 
ZI.1Z 
21.61 
a.IIT 
~5.11t 
Zb.l;:! 
211,10'1 
Z'J.7e 
51.2'5 
JZ.'lO 
JIl.!!& 
]S.U 
37 ..... 
11.10'1 
"1I.~1 
101.32 
"2.99 
..... 210 
115.52 
1t6.'6 
1t1l.Z!! 
"9.60 
'iO •• '> 
'il.n 
'i3./o" 
51t.6'1 
'is.9Z 
'i7.Io' 
'51,110; 
M •• 2'j 
111.51 
r,2,U 
&3.'10 
&5.23 
&1.J'I 
68.11 
7' ... 6 
12.01 
rl.7t 
75. t'l 
,".60 
.3.1t 
.,,19 
.«.31 
,1111, 
.Sll 
.'53, 
.sr.! 
,'i92 
.61" 
.flltZ 
."''1 
.691 
.716 
.n':! 
.Tn 
• /lll 
,11')0 
.""0 
1.~16 
1.0'56 
t.l ZZ 
1.172 
t.Z31l 
1,295 
1.lII'I 
1'''1~ 
1.1066 
t,'iU 
1.515 
1.621 
1.f.qZ 
I.TItZ 
1.1'12 
1.elll 
1.1197 
1.'Hi] 
z.eU6 
z .~'il 
2,1010 
2,1'5] 
2.Z01 
2.l6] 
2.U1 
Z.HZ 
2,1ol! 
2./t'n 
2.0;15 
1,'>68 
2.6105 
z.rn 
2.Tllo 
2.11]8 
Z.905 
Z.96' 
3.0'55 
FINAL REPORT 
TABLE 01-20 
sp[Cln" tlUMIlUI 
• OY 'YPEI 
SPECIMEN 011 lNUT1'1' £2" s~~~ ij I 
TEST fElt ~.n I: • 
SP[CtifEIf TKlel"'! I 
"UIHUH S ", 
"'HI-II CYCLES fa ~ LU I CYCLES PlllOIl TO n LUI' 
C'CLE~ 
uns 
/jUl'S 
6Ul1 
usn 
1,,565" 
U71 •• 
1217'16 
'''167, 
J,unlo 
nlz/t] 
unu 
1721tJ'f 
17'021 
110;110 
1'2~'Il 
ZQllt6'Jl 
ZlUH 
2181090;; 
Z2'UIID 
H'IlIn 
Z!3!!JS 
2~6o;95 
~J9"'5 
2ltZltlZ 
2","21'\1 
21061050; 
21086'6 
zsae18 
251750 
21521'l17 
Z'H,J1Z 
li!!5!D8 
l'56232 
1571102 
2<;;106' 
2589'1'1 
2'5'11"11 
2foCZ&'l 
uanli 
Z61Io'J1o 
261"'" 
un .. , 
ZU1IS 
ZUIIII 
i!!'EIoU6 
26/tnl 
UIIUO 
H5G16 
2t'5/iolOj 
26571J 
,H,61IoZ 
Zlli61o'n 
lUlDa 
2610U 
26711'J 
.n'U£-alo 
• HOOf-Gl. 
.noUE-VII 
,100nE-alt 
.unE-lllo 
,55102£-1110 
.'"Ij£-II. 
,'5196[-01t 
.13107£-0/0 
.7671£-010 
.1O'I9£-01t 
.laDlE-IIJ 
.'1S1~E-D" 
.159U-OIt 
.U17£-03 
.L2Dt;[-Ol 
.1II21£-lJ 
.22210[-111 
.2811(-03 
.2141[-03 
.1"Z2E"~3 
.ltOZJE-lIl 
.'HUE-OJ 
.55'H£-OJ 
.73'30£-111 
.?UIIE-OJ 
.'IoOSe-1Il 
."1I9"[-~J 
.88'110[-03 
.UIo3£-02 
.U'IoE-C2 
.1256£-02 
.1!~t£aU 
.1J'i7E-Ol 
,t'SME-Ol 
.1531£-02 
.111<;[-02 
.llt'i[·02 
.ltOn-ol 
.20",,£-C2 
.l'iUE-02 
• UIIH-Ol 
.tlj'+~taOl 
.UO~E-OZ 
.11UE·az 
.nU[-DZ 
• !t'8£-~l 
.11 16ZE-Oc 
.ltnu-02. 
.lIlIIIIE-lIt 
.1t'91t£-1I2. 
.'5ZnE-gz 
.1I187E-Ol 
.61:h[aCl 
• 11HE-01 
.!Si61£-Ot 
D-18 
.'1657E-" 
.111'11[-00; 
.101IIE-&'5 
,15&1E"05 
,11"7[-0'1 
.ZnZE-05 
.lUTE-CS 
,!lUE-n 
.219U-U 
.!OZl£"45 
• 1119E-05 
,]11'9(-15 
.,761£-05 
.u&u .. n 
,tH1l5E-05 
.107''6[aOIJ 
,7192£-00; 
,175;[ .. 0'i 
.1107E-Olo 
.1119"[,,0,+ 
,lO;~I;E"O" 
.1o;ftn-~1o 
.?DU£-O" 
.2.Z~2E-CIt 
.2116[-010 
.:""OE-O'+ 
.2.'521£-010 
.nllE"OIt 
.nOUao" 
.ltltnE-O" 
."62.2£-010 
,1o'llIoSE-OII 
,0;;"'2.£-0" 
.'illll£-Olt 
."'16U-OIo 
,<;911[-010 
.711o6E-O" 
.1I7l1£-01o 
.8l7n-QII 
.Uo;S£"" 
.\OlfE-D! 
.9081E-01o 
.1000£-113 
.tU"E-" 
.12ZIlI;-Ol 
,150n:-al 
.lnilE-oJ 
.16'8£-OJ 
.1'11ZU-0l 
.16·"£-1Il 
.1IIliE-0] 
.ZO'JU-Il 
.tIIln-al 
.2ItUE-OJ 
.106'16£-1' 
.Z03'5£-" 
6.57 
6f 7. 
'.'7 
7.tt 
7.'51 
7.73 
7.lIIl 
1.11 
',2,) 
",.7 
... ", 
e.lz 
•••• 
'.1" 
'I,ll 
'.62 
'."8 
lo,ll U.,,. 
11.111 
11.31 
11,611 
11,'10 
u.za 
12.6t 
12.91 
ll.U 
U.50 
13.79 
lIt.Oft 
llt.lIJ 
110." 
110.'); 
15.tl 
15.IIQ 
10;;.79 
If..07 
1f,.,10 
16.61 
16,117 
17.111 
17 ..... 
17. fI!, 
11.06 
U.]6 
U.6G 
1I.ar. 
19.19 
n.'511 
1 •• 't1 
U.l' 
zl.ao 
It,l1 
U.61 
ll,U 
t2.'~ 
S." 
6a7 6., .. 
6.0;' 
6.1l 
7,illo 
7.21 
'.11 
'.55 
7.70 
'.81 
a. ~l 
1.17 
'1.11 
8 .... 
a. , • 
'J, ~a 
'1.11 
'i.n 
1~.U2 
lJ.lG 
13.5' 
10.57 
it.t7 
U."II 
It.7o; 
12.01 
ll.U 
Il.'!i5 
12.111 
u.a 
11. J1 
t 1.61 
tJ.n 
ilI,lO 
1".17 
1 ... ., 
1".17 
l'S.tt 
t'i.16 
U.6U 
15.11 
lIi.1& 
1£>.1011 
1&.71 
If .. OU 
17.t7 
17 ... ' 
17.12 
n.n 
U.5'i 
18.91 
1~.11 
1'1067 
It.U 
tu.u 
MCDONNELL. DOUGLAS A."'~NAU""C. COMPANV. _Aar 
l'''' 
MDC EI153 
Oclollef 1974 
1 
I 
J 
1 
1 
1 
j 
I 
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I 
1 
1 
1 
1 
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FRACTURE MECHANICS DATA FDR 
2024-T861 AND 2124-T851 
"'.Ui 
1150.'10 
".61 
8'\1.66 
'12.51 
96.11 
99.1'1 
101,10, 
l.n'i 
s,tU 
1,Io'5a 
3"111 
:t .... , 
1.1''' 
1.'HIS 
1t.IIID 
CIIICII LENG'H 
"" IN 7.12 ,lU 
7.92 
'1.1<7 
&.91 
'1.77 
n.JQ 
11.13 
11.76 
H.Joo;; 
U.S .. 
110.51 
is.Io] 
u..zu 
1&.95 
11.11 
U.J8 
1'J.l1i 
zt ..... 
~1.'" 
:!3.Oj'j 
"".27 
<'6.62 
"'1.1J 
?9 ... ,. 
':. '8 
31.'16 
33.37 
JIt, at; 
It •• er. 
]II.J6 
Io~ .29 
"1.';1 
103.OS1 
..... , .. 
106.'1& 
,"".,"If 
'il.11t 
OJ ".1' 
ill.t1 
r,~."a 
,112 
,nlo 
.]lil 
.1810 
.loa'!S 
,"'4 
,li6l 
.1090 
,0;]2 
,'i71 
.f,08 
,flU 
.661 
.700 
.7 .. 10 
,10;:" 
,1105 
,1161 
,':121 
.9'15 
t.C/o1I 
l.UT 
1.1'il 
1.llZ 
l.lOjIl 
1. JlIo 
t.H2 
1.10'51 
1,'iU 
1 ,'!;fIfo 
1.61lt 
1,716 
1.1M-
1,'10" 
1.9Q'f 
l.~ 1) 
2.00;2 
... 21110 
2. J62 
lb'PU' 
:1:11022 
2616111 
UII2I 
n .. u 
UUt1 
ll.U. 
"'IUD 
CYCLES 
• 
10309 
un 
11160 
160 .... 
178"'5 
l''Il! 
211015 
ll131 
2 .... 29 
l!j9U 
l69]~ 
l't!&11 
lUst 
"USl 
'Z'J595 
3U11 
31063 
3111 .. 
lU71 
]]/03'5 
3]'1'1')1 
310 .. 1& 
3 .. 730 
350"''' 
l5l"O 
357l" )"""1 
!!Z5] 
361o'lZ 
!E1717 
J6856 
Has] 
37tH 
l1lH 
373111 
37'1075 
371097 
37S6! 
3151' 
FINAL REPORT 
01-20 (CON'T.) 
"IoIio'E~gz 
.UllE-DI. 
.unE-1il 
,U92£-G1 
.U!SE-OJ 
.197ZE-U 
.'''''0£-01. 
.U33£·03 
.391lE·03 
• .,ItUf-U 
'''''Itt-II 
.IU1E"OJ 
• '''''E-03 
.5.IItE,,0J 
TABLE 01-21 
.13"E-03 
.tlr7E·U 
.1"01(-01 
.1'116£-03 
.l91j15£·~l 
.n6If-Cl 
'''2\IIE-03 
.'ltlZ£-O 3 
.61tJZE-Dl 
."P~f-Ol 
.'HUE-Ol 
.101!1[-0l 
.UHE-IlZ 
.lOOU-Il: 
.tJ6zt-H 
.tJltlE-IlZ 
.1/oloU-IlZ 
• 11SZE-lIZ 
.1U1[-eZ 
.Z'5'Jl£-U~ 
.2 1,'Jr-:z 
.1ttU(-0<' 
.111J(-~Z 
.Iol'1'1E-gZ 
."'U!iE-ril 
.lIt'liE-Gl 
.... 26 .. [·; l 
.6U"[-~2 
.6Z7Q[·~Z 
.I51l~E-OZ 
.171Cf.-~2 
.UUf-Dl 
.U9U-~1 
.u'Ia-u 
.Z1ZR·CI 
.,HIoU-.U 
,"50n-H 
.1I'U(-C1 
.tlur.u 
D-19 
.'5501E-05 
.0;;028£-C5 
."'"5[-05 
,re:!DE-OS 
.11filE-O" 
.1'562E-I1.1o 
.1f1nE-0" 
.lI]5£-0\ 
.lUZE-Olt 
.Z626£-lllt 
.3'5'~E-OIo 
'''G07£-0 .. 
.115'50;£-010 
,.:tOJ''I£-c/o 
.536t1;-01o 
.'iZ71£-OIt 
.56111E-0" 
.6."E-0" 
.hU£ .. O" 
.1/1211£-01 
.'JIo"'E-CII 
.1310'5£-0] 
.1000JE-Dl 
.165]£-03 
.15111£-03 
.165Z(-ln 
.Z""E-Ol 
.ZTtZ(-Ql 
.ZIIr.'I[-13 
.317I1E-Gl 
.1 .. 57[-OJ 
,lotl7E-DJ 
'''~71E-~J 
.IoMSE-O 1 
.ftSMf-03 
.11'1I[-D2 
.1175E-02 
• n05E-OZ 
.SZIl7E-O~ 
ZII.OIt 
ZI.n 
ZI.n 
, •• S6 
zr.70 
21.'7' 
:II. lit 
DE' 
,PI 
'1.IZ 
11.1' 
lG.156 
10.,Z 
11.Z'l 
11.ft2 
tZ.~" 
12.52 
12.')5 
13. S2 
lS.61o 
13.'17 
1".27' 
1/j.So; 
1/0.'16 
1!i.1I& 
16,0& 
11:',11 
17.26 
17.7i' 
18.23 
1&,Ii'l 
1'.1<; 
t't.r;;'1 
o!lI.ij7 
20.6'i 
21.23 
21.80 
ll,31 
22.15 
Z3.3'1 
Z3.'I5 
2/j.'51t 
2!i.23 
ZS,U 
2...'1'1 
211 .. 3) 
fl." 
n.r. 
23._1 
Z, .. 11 
U.ll 
.i!1i.17 
27.113 
&.37 
&.6$ 
t. 'lit 
Ii.27 
'1.61 
".",. 
t •• 27 
t~.57 
1].'1" 
t1.19 
H.PI 
12.12 
12. ~1 
1l.12 
lZ. 'II 
S 3.2ft 
11.61 
111. ~. 
t ... u 
lS.Z~ 
15.71 
16.17 
16.'i'l 
H.1G 
11.115 
17. ftl 
111.27 
18.U 
1'1,U 
14.&,. 
Z',1O 
2J.74 
<'1.7'1 
n.JII 
2~.q6 
21.51 
Z ..... 6 
2".7'1 
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MDC EII53 
Oelobel1974 
1 
I 
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-~ 
1 
1 
'I 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
TABLE Dl-22 
SP£CI:t~o~r~: 
SPECt"E" 0aA'"lt I~: 
TESt ~~~d~~lI=d 
SPECIMEN THICKNrSI 
A-Itl 01 
uTI' Lo~n~i =1' UIo,i I( 
z2A:;3 .. ~: h;~'lIlCli~ 
"AUI1UM STR rl 
ZiG cpa e'i £5 l~·nltu.il 6'i1§ Y lES 11111_11:1 15 CYCLES P ~OR 0 fA LUll , 67.10 "PI SQRfCl1' t 61.n test SOIt f~"tJ 
CRACIC L!HCTH 
HH IN CVCLES ""/8~&U II I/DEL' t~'L'CLE "pi[U~n~~ESS l~lE~311n,u 
':>'2'1 .201 • 
.9U8E-Q3 .]'5'ieE-DIt 110,95 1'.61 
5,1'1 .ZSi! .. , 
.U,Z'IE-DZ .5621£-010 110.11 
6.!;'I 
1!ioiO 
.259 11510 
r.EI! 
.Zl.1G,,"OZ ,IIOU-1I1t 16. 1ft' 1'i.n 
,lOZ 1639 
.2831'1£-02 .1U1£"03 11.12 l!i.'" 1.12 ,lU 2001 
.ltlit7E-aZ .1'581£ .. 03 1'1.17 17.110'5 
9.til .J78 2n, 
.4]9'1E·02 017]2£-13 19.9& 18.11 
11.27 .ItDIt 231111 
./tfOlE-OZ .U52E-C13 zo.,' u.n 10,11;: ,1026 210'11 
.UUE-G:! .5]37[-12 2~ .(1'1 19.1'1 
11.311 ,.,,,,, 2!J1 
,'''ME-''2 .2'5101[-113 21.61 1'1073 12.06 .1015 21010 
.6lUE-OZ .2""E-03 22.410 za.l'l 
12.81 .531 2831 
.'iIoQ1£-;;;2 .nnE-a3 z2.n 2~.'U 
11.37 .0;21 2855 
.ua6£-02 .366 .. E"03 21.106 21.15 
11.91 ."10& Ultl 
• U'iGE-1I1 .10<526E-03 21.'12 210.18 
110. i1!11 ,'iU lOU 
.1010""-01 .IoUOE-OJ 210 .... 12.6t 
lS.11 .&11 3101 
.',"10["12 .3'''[''03 25.52 23.22 11' .. 105 .6lt7 31111 
.11020[-01 .00IJ'IICtE-Ct ] Z6.IG 2:3.71 
17.16 •• ,5 Ul1 
,5lj'2E-1I3 2'.66 2",26 .lfoZOE-U 
t 7.e5 .1al l2l~ 
.nO;D[-U 21t.7' .1'161["111 21.21 
llhlJ& ,1n lU6 
.611QE .. 13 2~.'1 .17Z0E-1I1 U.llo 
!0.2I .7~' lltU 
.19"SE-U ,7.'Ut-U ' •• 33 26.6' 210 16 .1151 JIo'2 
,12"'[-02 27.&7 • 317lE-lfl 30,"0 
21.25 .'I1S 353'1 U.Sl 21.67 .2I101E-1I1 .U2IE-QZ 
2".'.10 .'Ieo lSt7 
.... an-u .U22E-a2 32.'57 2'1." 
2&.12 t.Ol& lUr. 
~7.0;1 I.U6 36,.. .'011E-01 .n'5aE-02 33.", 3il.U 
D-20 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
~=.CIC U;NG!~ 
lA.'1I • .!1 
'1.", .IIS,J 
U.III ,It" 
'12." ,It" 
13.37 .ue 
13.1.. .~~, 
I. ... n .1516 
15.l0 .5', 
1.6.n .us 
1( •• 71 ,"t. 
U.ltZ .6'6 
U.OZ .70. 
11.61 .llS 
1'10101 .HlS 
2~.'6 ,617 
22.2') .1.,. 
230116 .'I2l! 
25.03 .'116 
26.12 i.flSt 
27 •• , 1.G"6 
lll,,' 1.UD 
31.105 S.UI 
H.OD 102'1' 
h.ST 1.lil1 
36,02 1.ItI'J 
57. It, 1.1t;" 
19,1'11. 105.' Eo 
"O.H 1.601 
"l.38 1.668 
"".21 1.1113 
11,.12 1.lOiI 
H.n 1.&62 
"'h11o t.'1S. 
St,22 2.011 
52,61 Z.011 
51t.17 2.lll 
o;S.lol 2.U2 
'H .. U 2.U7 
'i8.2C Z.l91 
&0.02 2,363 
&1011 2,11310 
'Jolt 2 ..... 
610.1" 2."11'1 
6&.n 2.603 
61.10' 2.&0;, 
69.16 ?7U 
70.... 2.170; 
CYCLEI 
'ltell 
'u ... 
ItnJIt 
14 .. 1. 
"Ill 
l:nltl 
1:'1" 
nill 
111151 
1""2 
lUlU 
1111t1ll 
121E=7Z 
UUItS 
13"'" 
UIU1 
Ulua 
HIJ'" 
l1t716'1 
UDS7l 
1!2US 
lSlt15'1 
tn .. 'n 
1'l1li01 
1!l7101o') 
15'10'" 
1 !'1ltO!l 
'60118 
160962 
10162S 
Ul061 
lUfi21t 
,UOlil 
1632510 
UllS" 
" ... 0 J'I 
161021] 
16UZZ 
HIo'''' 
16'li06' 
16'li11" 
16'li~'16 
1I\'li'51'1 
lU!'.i" 
U5776 
tU1l71o 
FINAL REPORT 
TABLE Dl-23 
• u .. u .. .... 
.21'IE ... .. 
.'lIOiE-l" 
.""IE-ilt 
• 6922[-h 
.183,E-11o 
.7"1E-llt 
.'JI'E-O" 
."'ZItE-I" 
.U6U-0" 
.1111[-03 
.1 .. lH"U 
• 117tE-U 
• nD'E-U 
.nnt-ol 
.3U'llf-Dl 
... 051[-13 
.106.,E-U 
.... 919£ .. 03 
• 71Z'IE-U 
..... UE-U 
.... nE-IIl 
.1110£-12 
• 15"£-02 
.1]Z7E-OZ 
.uw£-u 
.11151(-12 
.ZU5£-1IZ 
.ZU1E-OZ 
.ZUfE-IIZ 
.l.1'12f-DZ 
.10321£-OZ 
.3'111E-U 
.5SZ'SE-D2 
.:S'lOZE-IIZ 
• .JZ5fE-GZ 
.1'IUE-D2 
.1o"IIOE·02 
.5627[-02 
•• 191£-OZ 
.1]16E-1I1 
.U6ZE-az 
• l1UE-Ul 
.'I .. 'E-U 
.U'IU"U 
.1l1o&E-Q1 
D-21 
.lnl£-15 
.uzo\£ .. ., 
.Z1l1E"U; 
.1111£-" 
.2J'ZU .. n 
.3116[-15 
.UI'5[ .. n 
.3313£ .. 01 
.""E-" 
• 32l1oE_U 
.10\11£-01 
.56101'["05 
,""[-'5 
.nln .. n 
.nUE-DIt 
.UI'IE-I" 
.1.9'E"'10 
.1110.£ ..... 
.1')33£-110 
.lUZE_O .. 
.1UI£-,It 
.3l'''E-O" 
.I,6 .. 'E-01o 
.62"'£ .. , .. 
.52Z"[_,,, 
.6OPU-.1o 
.7312[_01, 
.'1""E-OIII 
.1116]£-0" 
.'1160£"," 
.13]6£-03 
,I1UE-Ol 
.Ulll2E-U 
,Zln£-aJ 
.1516[-1:1 
,UIZE-U 
,.uSU-DJ 
.116"£-Ol 
.<:215£-13 
.3U'E-,3 
,517'1[_DI 
.211111£-03 
... lII2£-1! 
.11'I3[-1! 
.'IIIOE-O) 
.SlG6E-OJ 
,.i'UAlmm 1II'lliHl •• 
7.U 
7.i9 
7." 
f.16 
7.n 
7011 
.. " 
'.ll 
I.,Z 
1.70 
•••• 
'.GZ 
'.21 
1).105 
, •• D 
u.u. 
11." 
U.11 
11.U 
11 ••• 
11.117 
12.19 
12.S2 
12.'10 
13.13 
13.10 .. 
13.11 
110.13 
1",10'1 
110 .... 
,S.u 
15.56 
15.,6 
16.Z6 
16." 
16.ar 
11.15 
11.105 
11.1D 
18.19 
U.'li'.i 
18.11 
1'1.21 
U.S! 
",II 
211,Z'.i 
6.1 • 
•• l1li 
•• 11 
.... 
'I." 
7.11' 
, •• It 
7.st 
,.,. 
7.91 
.. , . 
'.21 
•• 17 
.... 
l.t2 
,.21 
'1.51 
t"1t 
11.12 
11.". 
11 ... 
11.10 
11.101 
ll ... 
11.t5 
12.13 
:I.2.51t 
12." 
13.19 
1J.f1 
U.1'I 
IIo.Ut 
lit. 51 
IIlol1 
1'.;1 
n.ll 
1'5 •• 1 
15.111 
16.1t 
U.S, 
n.1I 
17.11 
17.lI' 
17.77 
11.0'1 
1I.lI2 
ORIGINAL PAm; IS 
OF POUR QUALI1'¥, 
IIlC EII53 
DeI_1974 
j 
~ 
I 
~ ] 
~="",j 
I 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
ICUtAle1 
C'&CIC L.ENG'H 
"" 1M 1.9~ .311 
'J.as .l5" 
9.9D •. 1'11 
".&0 , .. 25 
12.67 .It'l'l 
13:73 ,'illl 
llt.6I ,0;78 
1'h21 .&00 
1' .. 13 ,&35 
16.55 ,lin 
1.1.10, .6e6 
18.15 .n' 
11.19 
." .. 
za.lt! .laCi 
ZZ.Z2 .U5 
23.151 .'126 
2" 0 .. .'116 
Z6.6Z 1.01t1 
Z4.11 1.1111) 
2'1.10' 1.161 
31.13 1.225 
3J.21 10307 
.ss.t2 1,"10 
!I.U 1 .... '1 
cpaCIl LENGTH 
S~~I) .nft 
6.21 ... 
7.U .ZIO 
7 .7~ .303 
•• 103 .332 
'1.31 .J66 
10.02 .31)10 
11. '1 .10110 
12.30 • loft" 
U • ." .52] 
110.10 .'illl 
tr .. 12 .&51 
FINAL REPORT 
TABLE 01-24 
,miiUli 
\ ..... 1.,11"'01 U .• ",. u.. ICSt' '!! 'I!·.II,C~',;, 102.75 HPI, SQ.IU 1M' I n.on , lH 
"",SUlt CAI/OEL'U'A'ttLE ",i£~,un-:r$$ AlItlUnlNI rm::LE~ 
5961 
.UU[-1lI .rsltllE-" •• 69 '.12 
.2IIZ1£-Gl .'1139£-15 UIlS ,"n 
.... It 
.nnE-U ,1lnE-'. t.O.n 9.1' 
U1lt 
.671D[-U .ZfolllE'"glt n.'l it.,,' 
lUU 
•• 31ItE-U .unt-Olt n.n It ... 
nlllft 
.9III'E-U .1I17E·," 12.60 UI" 
tUn 
.,"Ut-U .SUSt-I" no" n.n 
17'17 
.HUE-a! ,67'JO£-I' nIts 12." 
UUl 
.9UU-U .3761£-0" u.SIt 12.32 
U120 
115116 
,ZUlE"U .... n .. ' .. U.'l n.t' 
,UZ7f:-n .,,92[-'" 11t.1S 12." 
111912 
.221U-U ..... 'E-... 1 ..... ' 11.15 
suzt 
.26J'U:-U .U52£-1! 110," 13." 
,"'97 
.Z'JItI£-U. .U61£-13 n.'" lit. lit 
;l1"U .U61[~02 .120\7£-" 16.n lit ... 
21111 
.32'fU:-U .12'11[-" U.U It.l1 
21211 
.51t7££"OZ .unE-U 17.21 15." 
211n 
.641'["12 .27UE .. 13 17.11 16.17 
un, .11"["~Z ,:snIE"" lI.U 1,1.12 
ZU'Z 
.661tU-OZ .2111£-13 11.71 17 ... 
121" 
"1iU-OZ .:s6UE"03 19,1tl 17 ... 
221t26 
22'S' 
.16ItU-U .6IttU"13 21.21 U.3' 
.UUE"1I1 .U"1£-13 21.11 n.ll 
22692 
TABLE 01-25 
OELucal/OEL TaCNI "piE~&Ul~rESS l;lE=Ul1INI CYCLE S ""/CYCLE IN/CYCLE , 
.1"51["DZ u.1'ii .57Z2£-01o 13.lS 
'" .Z5Z9["02 .'II)'UE·O" 11o.l7 
,l.1I 
... 
.ltlalo[-OZ .11l6E-U 15.16 \l." 
ltl3 
.SZS"["OZ .Z06l£-Ol lS.U 11t.1t1 
126Z 
.IoZ11("02 .1646£-03 16.6\ 1S.U 
tII&6 
.60UE·D2 .2]69[-03 17.31t 15.71 
15110 
.UI"E-C .10266[ .. 0] lI.lD 16.101 
lH6 
.12ft'E-Ql .sn!SE-03 1'f.07 17.3'1i 
1776 
.U7U-at .EllJIIZ£-Ol 19.'11) 14.19 
11111 
.521t1l£·01 .2066£·02 20.'I{' 1'f.07 
1860 
.'i1 .... [·CI1 .36oll£"oz U.Z" 20. Zlo 
1481 
0-22 
MCDONNELL DOUGLAS AS7RONAUTICS CO,.",.ANV •• A87 
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FRACTURE MECHANICS DATA FOR 
211Z4-TI6I AND 2124-TlSI 
rolAtl( L,Nf,IH 
r,~~i J~~ 
~. '" 
1 ••• "1 
!l.U 
U. 7I• 
1~. 1 t 
11. ,~ 
11," , 
1~."~ 
tOt. 2 
I ~.~ .. 
h".' 
HI,?'. 
P.!. 
1 1• ~~ 
In,;' 
t I. !~ 
~ • cl; 
?'. !;, 
~1.1 , 
Z~.I , 
l~.n 
2~.~O;: 
l'i.~1 
n. l 
u.?~ 
11,'1 
h.41 
,.,,11 
11.~5 
11, .. 
~ .Z~ 
.. I. ,~ 
' .... Tf 
..... ~ 
.. ;',11 
"', .. I 
~~ .. ~ 
.... 1 .. 
.~ ,41 
SQ, ~~ 
·,Z •• 2 
,].25 
;,~ • .,Z 
..... ~1 
,,~.15 
.... ~ 
.1:'1 
d:~ 
.i71 
.~H' 
,)H 
1. :,~Z 
I. !71 
l.lZP. 
1.371 
1 ... It 
I. " .. 
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.11llIlE-02 
.U'lZE-1I2 
.unE-02 
.32:UE-Oi' 
.361I£·OZ 
... n .. E-02 
• 37S'I£·'Z 
.6107]£-02 
.51IolE·02 
.6~2'lE·OZ 
.6Il"E"02 
."UE-OZ 
.'I1457E-02 
.1I315£-OZ 
.U71£-11 
.9101'lE''OZ 
.1253£-11 
.145S9E·Ol 
.Z1folE-01 
.Z20'£·01 
.1'l0'lE-11 
.210110£"11 
.211]11£·'1-
• 36I1E-O1 
.311116£-11 
."'IS6£·01-
.67ftE-01 
.106,'E·11 
.511IoE-ll 
.'1911£"11 
.SS12£-01 
D-27 
.U16E-U 
.4StU·" 
."Ull-OS 
.U61£-01l 
.'UIE-If 
.IISZE-U 
.11'ZE-III 
• .,UE-II 
.lun· ... 
."IZE-n 
.16UE-01o 
.1I'I9E",. 
.201111E-OII 
.22I19.E-III 
.3122£-1" 
.:nnE-, • 
.IoUOE'"'I" 
.103I5E-I'' 
.61"E-.... 
.foIOtE-O" 
.71002E-01o 
.IU'JE-Olo 
.1II':7£-U 
.UtlE-DJ 
.1,,52£'"'03 
.1I12E-Gl 
.1"'IE-Ol 
.n .. lI£·u 
.tt6t.£-aJ 
.272IE-03 
.'2613£-03 
.3031£"13 
.31"1£-DJ 
• ]2'i7£-1l 
.... 1'1£-01 
.lUU-OS 
,10.311E·13 
'''tlE-1! 
.151!1£-1l 
• .... E-U 
.71517£-OJ 
.'In'lE-OJ 
.9SIIZE·U 
.SltSl£-D2 
.1lt7£-12 
.1IISI£-02 
.2i6U-U 
.1II31£·U 
.2117E-U 
.211 .. 5£-02 
.211OE·\l2 
11,11 
11.71 
12.41 
12.91 
13.21 
13.63 
1 .... .. 
"' .... , 
1,,11 
11.33 
ls.ft 
16.13 
16 .... 
16.112 
17.21 
17.76 
1I.IoJ 
1'.03 
U.,6 
ZO.lO 
n.n 
21.56 
22.11 
ZI.'II9 
23.'" 
111.09 
I ... n 
2'.29 
2',91 
26.451 
21.01 
27.61 
2II.U 
21.63 
2'J.1I 
2'1.145 
so. 30 
lI,'17 U." 
32.S3 
32.9" 
33.S1 
3".110 
S ... 7S 
lS.l6 
l6.16 
11.D1 
l7.70 
:II.ZI 
lI.611 
It.'S 
11.11 II." 
u.z, 
11." 
U.17 
12.41 
12.17 
11.lt 
13.14 
ll.tt 
lIt.I' 
,,,.'" 
, ... 92 
15.31 
1'." 
16.16 
16.71 
11.32 
17.1'1 
11 .... 
19.011 
1'1.62 
ZI.n 
II. r, 
U.lZ 
21.93 
22 .... 
U.II 
n.57 
210.12 
2 ...... 
25.12 
n.SI 
26.06 
ZI." 
27.11 
27.51 
211.1'1 
U.1l 
Z9.U 
Z'i.'17 
so.,o 
31.11 
31.62 
sz.tI 
3Z.tt 
n ... 
JIt.3l 
S .... 1t 
n.n 
n.lI 
MCDONNII!LL DOUGLA. A .... _NAU .... C. COIMPANV •• AS,. 
MDC EIl53 
Dctobel1914 
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1 
1 
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! 
~ 
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, 
1 , 
1 , 
l 
1 , 
, 
] , 
~ , 
" ~ 
1 
,] 
l 
.j 
.1 
.~ 
1 
1 
1 j 
I 
... J' :--~,.~~~- . 
j 
! 
I , 
l 
1; , 
I , 
~ 
• 
"". 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
IH"'" 
CRACK LENG'i !5~~9 J II 
6.10 .2ltO 
6."13 .zn 
·,.15 
.30'1 
1.72 .,lt3 
'I ..... .312: 
111.21 
_It" 
11.11 ..... a 
12.111. ,Ion 
12.96 .uo 
13,&' 
.s .. " 
1 ... 111 .'!IU 
15.66 .flU' 
16.l' .61t0 
11.11 .6110 
1" 09 .112 
1'I.oa .11ta 
i!G. ,,1& .1101& 
l2.11 .l1a 
l3.15 .,:s5 
lS.5S '.006 
l6.97 1.0U 
ZI.38 1.117 
2:,.73 1.110 
ICI"A.' 
CRIC. LEMlifH 
"" IN 10.13 .1'10 
5.8& .2U 
6.10 .2610 
1.'" .2')3 
•• 1] .3Z0 
,.21 • 36'S 
10.63 .lttl 
11.'10 ... 10 
12.99 .511 
'10."3 .56. 
15.Sl .6U 
1.1.91 .70!!! 
Z2.0. • 1&' 
FINAL REPORT 
TABLE Dl-31 
2O~t!i=11 u~;n'Uil 
..... =" I e:JI'iN~ 
10'-1 "' 1. II: Jl 2~1 c " 
U.67 "!' SIlRTt"H ZI.U: I(U2i~1t l~~n 
MIt,SUUel • IDEL '~~nYCLE "piE~~uureSs 1~IEgiUHtn C'tCLE~ 
,Jt.UE-U .122tE ..... 12 •• 6 11.70 
2197 
.U12E-Gl .16"E-OIt 13.16 12.12 
"'5&0 
.Han-OJ .ZUIE"'" .1 .... s 1.3.3" 
'5':U 
.I"GE-o;s .31t"'E-Olt 1'5.'52 ,It.ts 
6U3 
... 31I£-'It ti.26 ,,,.19 .luaE-02 ,,.,. 
,13156£"02 .SlJlE-OIt U.IJIt l'5 ... Z 
10" 
• unE-OZ .6",,1£-0 • 17.6 .. " .. 11 8650 
.1625£-02 .6nIE"'0" 11. itO 16.'" us. 
.21.,,[-02 .unE-U l'hto 1.7.3. 
'1'52'1 
.25111£-02 .'1171E-OIt 1'f.IO 111.12 9.,,, 
.2'UltE-OZ .11 .. 1£-03 20.101 11.63 
102110 
.3129["0i! .1I01E-03 zt.n 19.ZI 
101lD2 
."i9U-Ql .U09E-Dl 21.61 19.61 
U5'S" 
."51SE"1i! .1117£-01 2l.11 U.li 
117ft' 
.1995E-02 .31"U-03 lZ.ff lO.13 
10161 
.UlIE-02 .2I11U£-13 23."0 U.U 
uau 
.31126£-13 2".11 21.'9 • HUE-Oi! 
Ul111 
.3191£-0:1 ZI5.15 22." 
.UoZE"Di! 
U311 
.1IoUE-01 .'6UE .. 03 26.15 Z3." 
U!lOl 
.IU9E-0, .5"3['"03 l1.U zlt.n 
11139 1I.12 25.19 • 11IZ aE-01 .1I61E'"" U1n 
.6"1£'"13 1I.93 ZI.n .UUE'"01 
U800 
.2755E-01 .1.0,,£ .. 12 n.71 l1.0" 
lUlt, 
TABLE 01-32 
CYCLEf 
'" 
'" 
.lonU-02 .1IUE-U 2 ..... , 22.27 
.5 .. 'OE-OZ .. '1'''E-03 Z6.51o ZIo.16 
• 1O'U-01 ... 2UE-U ZI.lI n .... 
'" ... 
, .. 
... 
'" 
.1356[-01 .Sl"'E-03 29.'1 26.91 
.11t.fiE-U 
.'''I£-Ol 31.Z1 2i1 .... 
.IoUIE-at .1Iz6[-12 33."7 U.1I6 
.Z225£-01 ,1171E'"13 ,15.66 12.106 
.Il'IIU-1It .IU9£-'Z 3f.51 310.13 
... 
m 
'" 
.UlaEtOO .1136'1£-02 ,1,.31 35,13 
.U,ZEUO .IrJ3GGE-IZ 111.1' 17 .... 
.ZII5lhDG .!GlllE-at 103.'8 ;n.61o 
71l 
... 
.6li2I1E,OD .2126E-1I1 107.U Io'.st 
0-28 
MCDONN ..... Doua .. AS AS-r.oNAU-riCS COM"ANV. EAST 
MDC ElI53 
October 1974 
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..... 
T 
. .,-... _ ... -
.. ,."_1 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T8S1 
C,ACII LENGTH 
tI" tli 
1.~5 ,..,8 
II. !7 
1t.'I" 
t3.IoC 
lit'LIi 
1&.'" 
17.3<' 
! J.(10 
"f •• ' 
, ... II~ 
\/,,71 
...... 'l<; 
.... "'. 
~~ .. , .. 
.1. ~'1 
.... 11 
,11110 
,bl'-
1. ,'1" 
1. _ ~i 
!. '1 
FINAL REPORT 
CYCLE'I 
1 
11112 
597'1 
IJIUl 
11"'11 
Z6Z&Z 
.uti .. ' 
101"11 
.. ~ QJ" 
loll. r, 
10110/ ' 
101057 i 
1010 ~ ~ 1 
TABLE 01-33 
U"-ZU2 
21Z1I-,,61 
LONGITUDINAl 
UNSTtff£MEO )l£t Alit 
301.' tc 
1.61 fiN .. "n I"' 
n.: "'I CU., IeSIt 
... 
MOC EII53 
Oclaller 1974 
Zli lOP" 
1061051 C'I'CLES 
52.61 HPA SQlltffHH 101.9. IeSI SOIiTUMU 
DEL U (II/DU'AIN' 
""/C1CLE ntfCvCLE 
• Zl5l£-C 3 
.23~&£·Gl 
.Z"~'I£-r.J 
.Z6.3S[-H 
.2Itl&r .. n 
.1U&E-~J 
.HUf-OJ 
.Io'ilo~[-~J 
..... ZIl(-'3 
,0;3'11£ .. :3 
,55&')[-C3 
.&Ii?lr-Cl 
,'lltlF"l J 
• 1.'1~t-l;; 
.t .. )1(-tZ 
D-29 
.... SIiE-G'j 
.1OJ'IE-~1o 
.t13'iE-CIo 
,1'030£-010 
.1Ioto;E-'" 
.11'ltf-llt 
.tllSlE-a" 
• HZ'iE-C" 
.nQ1E-OIo 
.216~£-OIo 
,31UE-OIo 
,"H<lE-~1o 
.101o?~E-lllo 
.101117E-OIo 
.HftH-JIo 
• 7"21£-1'+ 
.Ul':iE-OIo 
.1.;73f-~3 
.tc<;&E-G3 
.1.""[-03 
.1l0lE-H 
.10;ZIlE-0 1 
.11111[-11' 
.lQ<;2E-nl 
.lUqC-Ol 
.lO!~:.'(-~J 
.2 If>7E-Z 1 
,H<;'f-~S 
.3tQ~i-G3 
OELTU'5:fRE'5:$ INTEIoISIf'U 
MP. SORUMI IeSI sallT 111011 
10.88 
11,3" 
11.1110 
12.31 
12.111 
13.26 
11o.IC 
110.0;2 
1".<12 
1'5. J'i 
10;.1!> 
16.10; 
2a. J1 
ZG."" 
21.'51 
Z~.11o 
~l."" 
~3.1'ii 
o!l.ft'! 
210,23 
210.1110 
10;, <;1 
2~ .110 
27 • .,7 
.,.,~ 
le.n 
ll.11S 
11.2G 
U.60; 
12.11 
Il.B 
'It.r. 
10;.11 
t"de 
1~. It 
1~. 5 .. 
Z 1.6C 
2Eo. ~s 
21.11 
21.1. 
dttlGINAL PAGE l~ 
OF POOR QUALl1l 
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.. ~~~_~~._ .. ~ .. __ ".L,,",",_=," 
j 
l 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
~. 1J<; 
F "".'HI 
kC'llU 
Clo:lCI( LENliT" 
"1'1 IN 
~.~Z .H6 
II. ~'i .lofo6 
ll. tS 
1~. ~" 
17. !'i 
I~. <;.;0 • '1'1 
lq. ~~ 
' .... ~ 
ll. ~I 
.... ~1 
FINAL REPORT 
Iolilo<l l 
Io'it~ 1 
.. 'i1l,1 
1o'i'Ul 
"£0;1\ , 
"!\l'\ 1 
Itbi'll 
01-33 (CON'T.) 
.,a6f"~1 
.11IoJf~~ 1 
.11I~~f"~ 1 
.1~~b£.~ 1 
.n~H"~l 
.... ~t~t .. ~l 
.11ML.~~ 
.1IH~f tile 
,UCJ("\I1 
."SOQf"O J 
.75U[-Ul 
.~'iaH·GJ 
,600cr-C.1 
f: w03E"t,lZ 
.1IjaaE"D~ 
,'130;£'''03 
.UtlOE-OZ 
.173.H··~t 
."6lI~E-H 
,1DOO["OZ 
• .15JGE-1I1 
,ZIZOI[-a 
TABLE 01-34 
lb. 'tZ 
45.61 
116..13 
If",'ll 
Io'Jo3t 
H • .,Z 
310.11 
J".II'i 
n.tEo 
l6.l'I 
n."" 
U6.1·!Ll 
20ZIo'1'I61 
LOHGITUOtNI\L 
uNstIFF£HEO 
NET Atll 
503.'1 IC 
1.63 "" 1.0"100 tNI 
SP[CtllEN NIIN8EIU 
AllOY "PE' 
SPfCt"EN ORIENtaTION' 
CONST.U"" 
[Nil IIIO""£M' I 
TESf T£HP[IIATUR[t 
SPECIMEN ("1tItHES'l1 
"UIHII" STII[SSt 
It''IIATTOf 
""[nUEMC" 
CYCLES TO f'&ILUII[I 
CYCLE'S PItIOI t'l I'A1LUII[1 
118.6 HPI Itr.t t(SII 
... 
lOG (PII 
13U C'fCLES 
H.Ot. "PI. SQUIll*' st.u ICSt SO.HINI) 
tytUS 
1 
lr.r.J 
r.1. l 
D~l UUllflELTlCNI 
lutlcyrLE IN,CYC1E 
.6 .. 07(-4J 
.11'lJE-G~ 
.1"1IE-CZ 
.1"HE-gl 
.lH"f-Ol 
.l1Ioerw~1 
.n~7(-1l1 
• H6H-tl 
.1'1<;10(-0<' 
.1o~~1£-H 
,':io; .. 1£-~l 
,ltOM-1i1 
0-30 
.8<'HE-a_ 
.6)"flE w 4" 
.'tUItE-o .. 
.IUZE-G J 
.1t1H(-4J 
.1';t.3E-1ll 
.116]£-OJ 
.ZCOlt-aJ 
.H'llE-H 
.t55$E-QJ 
,l'lltU-a3 
,U'lOt-Ol 
.1031;1,["0 1 
D£lU(<;fll:E';S INTENSITYI 
!!P& SOPTf!!) ':51 SQRtnNI 
zr.. '1ft 
H.lt 
~e.l;~ 
n.lI 
JZ."" 
H ..... 
11.71 
1J ,~1 
Zl.U 
Zl.71o 
2'i,1\1 
Zf. 'I, 
Z7.17 
2'1.11 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. EAST 
MDCEll53 
Octoller 1974 
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,,-_c.,...l.,, ,;;,..~, ___ ",-, ~-
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1 , 
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FRACTURE IECIlANICS DATA FOR 
21124-T161 AND 2124-T151 
, 
, 
, 
, 
, 
, 
11.11. 
)l,71 
11'.113 
17,111 
1.;"'111 
1.H1 
2. 'Ioli 
KIMUI 
CP~~W U .. r.114 
14M '" I_ .q~ • '7;! 
~. ',7 ,"JJ 
;. •• !~ ,''1'1 
.<',1Z 
t~. ]1; 
,'ll'" 
~II. 70 1.1 SG 
FINAL REPORT 
01-34 (CON'T.) 
7Zb' 
riBl 
7111 
7'1" 
.l'i~IjE~a 1 
.1JSU"w' 
.1'itloE-wl 
.1ItHE~a 
.:UH-.l 
.tIIUr-Jl 
.1'lUt .. et 
,l!I1J[-Gl 
.>;9ZTf-a 
.&nJ£"~l 
.17711[+1i~ 
.l"'IolEtOt 
.r;'HI;C-3J 
.Sn'!i[-Ol 
,1;'I'i'l[-03 
.1l1~E .. O] 
,1I7UE-0] 
.11]OjE-J2 
.11IlU .. CZ 
.1301[-0'2' 
.1500£-lIl 
.2'667[-02 
.7110u-az 
.f>I;O~[-~t 
• 7C~~["IJl 
.1"'~,H.G~ 
,H.'ll 
3'5.1" 
16.11 
11.2" 
:U.S! 
S ..... ] 
IIC.It" 
"1.37 
SJ.t, 
]1.93 
]2,&11 
]].11 
n.J6 
36.Jf.. 
36.8~ 
3t.6'5 
100.0;6 
101. J8 
101.'1'1 
1t'.2Z 
TABLE 01-35 
<;P[CP'E~ "U.tfl£lU 
ALLOY IVP[I 
,>1'[:(11(11 C«([NTatIONt 
r!)N'iTIUINfi 
£I'VtItON'!(14t. 
t£';T tJ'MPtRHUo((I 
c:.P(etHEI> nQCl(lj£SSI 
MhtlOUM ~HFSSt 
1l-ItAttOI 
£"a.:eutIlC'r, 
r;TCLES 10 FAI~UIlE' 
rYClt'; PIIJ[lol If) [&HUIIEI 
\Jill-ILl! 
I'ZIo-TIU 
LOHc.nUOHflL 
UloIsn"E"EO 
NET .Hit 
.102.0 II 
t."3 PI" I.th!) I .... 
U'5.'5 ,,'A Ill.' liSt! 
. ., 
100 CilM 
6;10 C"CLfS 
M.JO MPA ';QPfIMH 6.1.U 11051 50llTIlNlI 
'1lLTiUI'n~LTAINI O[LUl'3TItESS IIH!N'HTYI 
'" 
'" 
'" 
'" 
'" 
'" 
'" 
... 
". 
... 
." 
'" 
65' 
""/C.,r.L( tN/CYCLE 
.U'5H·\l 
.1"~~t -~, 
.U'i'i~-U 
•• 1'51("111 
.HUE-Gt 
.UllE-:i 
.Zq76E.~[ 
.3'5'olE·03 
.1'5'iU-QJ 
." ~l!E"~ S 
,"160(-D1 
.13IU,[_DZ 
.4+;0'[' C] 
.2l1;E-1Il 
.lUItE"U 
.t' ... E·ai!' 
.:U'IIE-!)!' 
.unE"Q1 
.lIaDn·Dr 
.tlo;OEthi 
"PA C;)IIT1ItI IC'H snll, ItNt 
u.:n 
..... u, 
106.18 
".a.. 
1t,.'6 
5.1.11 
57.1It. 
38. '10 
"0.11 
'-c. or 
IMIC E1153 
Oclobel1974 
I 
FINAL REPORT 
FRACTURE MECHANICS DATA FOR MDC Ell53 
2024-T861 AND 2124-T851 OcloDerl974 
TABLE 01-36 
SPECIIEN NlJNSEII.I a~t!iUi IILlO¥ f'fPEI 
,i&NSVEIiS SPECIMEN DRtENUTlDNI CDiUM"rTI """111'111 T~ST ~~~ i"~~ =ll 
l," " l'l! I'F SPE tllEH TN CKNESSI 
"" XI"U"I!:~:'S~: '/'It.5 "Pi 1. o' I( I' FREOUEH~" 2~a e It CYCLES TO FAILURE. 10 2'" L[S IW1aXI 
'" 
CYCLES PlllOR TO FULUIIEt .11.7'1 "Pi SORTHU I 21.'" ItSf SOli l~N" 
CIlAt" L[NGI~ HH/8~~l: f AI/DEL T ~~nVCLE "p~Ei!Ul~~ESS l~IE~~nTIN' 
" 
CYCLES 
r .. lli! .26'! , 
1.8.5 < 7,le .UHf-'" .7166[-00; 9.63 
.l'U lOU 
11.01 .~511o[·Ol .'U'I'I£-D5 11. ~, &.11 .HZ 6Uo; 
,JIo1 
.Ui7~{-OJ .6'iIJE-QS 11.59 U.5~ 8,Il lao&~ 
'hr.l .H'! 12'1!'Jl .2&UE-a3 .U07E-01o lZ.tU 111.'1'1 
.3011[-01 .1211E-OIo 12,lj7 11.1010 10.:u ,lt07 15210'1 
... n .llthE-'" .h23E-OIl 13.01 11.110 li.n i72lG 
.]281£-03 .12'12[-010 13.102 12.2; 
U.6'1 ,1060 19l'l3 
./o176£-1i3 .112U-OIt 13.&\ 12.0.;6 ~~.3" ... S6 20U3 
./o1'1'l£-Iil 
.lU'IE-O" llo.lD. 12.'13 
1 J. D1 .uo.; U20~ 
11o.'.i1 ... '131(-03 .1'1 .... £-010 13.21 lh6S .0.;3'1 ~] .... ~ 
.'i6Q ... 866£-03 .1'116£-010 1 ... '1D U.S, 1/0.210 2 .. 518 
.6!Jl .10S6£-U • 2nU-DIf 15.] .. 13.'6 !'.i.11 iU'I'l 
.656'1£-0] 
.2586<:-0'" 10:>.13 110 .... 1b..0'l .611 212'1~ 
lfi.l'1 .6illU-Ol .2fill'l£-0" lit. 73 16.12 .65. 212110 
17 ... 1 .685 
.'1SDlE-OJ .HltlE-OIt 16.5~ 15.01t 
28'131 
.U}lE-CJ .JIo71E-OIt 16.8; IS.ll 18.OJ .710 ~qfJ'l 
1'1. DZ .7"'1 
.qSl4f-~J 
.37510£-0" 17.2/0 15.6'1 
HUZ 
ZO.Io1 
."0" .12'15£-02 .IoqloZ[-OIo 17.11 lfi.21 lHOIl 
.1ZSH-H .1091010[-010 11.106 u .. " 21.78 .80;;1 3Zelt 
1'1.15 
Z:S • ." .'125 H'I':IS 
.1516(-a2 
.60"6£-01t 17./03 
25.210 .'1':1" 310'1108 
.18110£-02 .121':1[-010 1'1.'11 it.ll 
Z6.1; t .~;1 • 2UJE-Oi.' .'1UIE-DIt 20.62 18.1 • l'l'l'le 
.2<JZ"f-DZ • ll'i1£-D ] ZI.27 1'l.U. ZII.n 1.Uo; J6tlo0 
J~. Co.; t.lal 361'l" .Z801[-OZ • 110'l[-0 1 ZI.'I6 t',"9' 
.35'1l£-OZ .1"110£-0] 2Z.61 ZO.U 11.7'1 t.Z~Z HUll 
33.12 1.31l1< 37'5'11 
.36':110(-02 .110'510[-0] 23.2'1 21.1'1 
... ftO'I~-1Il! .1&'llE-aJ Z1.U Zl.66 h.ll;l 1.351 J1e56 
I , 
I 
1,"16 ."1'1JE-~2 .1881£-61 Zlo. ]7 Z2.1I J5.'17 ]It'lZ 
.;ll'l'lE-02 .20DII[-0] ZIt.'l5 22.71 37.1Z 1."6'1 311 .. 55 
.1161£-OZ .Z81'1£-03 Z'5.'5" 23.Z" HI. 'I .. 1.511 lllU2 
• 'fl'lOjE -62 .l65"1£-01 Z6.Z1 Zl •• ' 10° .• ,10 1.60' lIU6 
.H06[-QZ .HUE-O] Z6.'11 Z".'51 
.. l.5& 1.616 3'10&6 
;"1o.0Z 1.1H 
.,'n .. E-Q .. 
.312"[-0 l zr.'!i6 H.U' !'12b& 
"5.811 1.ft 06 
.UO'l(-gl .'315SE-D] za.za Z'5.66 ]'1"1: 
.IZIo"E-OI • ""II2£-OJ ZII.U • 26.26 101.1.1 101166 1'15]) 
.00'IIIE-1Il Z'I.3'1 .1!loUE-Dt Z6.'5 IoS.H 1.<ttl, J'lfl12 
.151;1'1E-1I1 .6117[-U 29.91 21.ZZ ;O.H 1.'171 l<JJH 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-TlSI 
cltle .. LENGfH 
.~~o .n. 
'"ll .:sIli 
u.n 
.1I" 
to.u .,.29 
11.57 .,,' 
12.30 
." ... 
U.O! .113 
u.,. .Slt2 
llt.SIt .S1l 
ls.n .u .. 
,6.11 .6311 
11.0; .6n 
11.n 
.". 
U.57 .131 
1'10 II .763 
i!Q .!Ii'l .IU 
It.9'' ... It 
U.ltO .921 
15.17 .991 
ClI'lCI( t.ENQTK 
"" TN 6. fit .l51j 
1. r·1 • .nz 
e.31. .3l1 
'JoOl . ns 
9.77 ,lU 
10.'57 
, .. " 
11.1' ./tn 
u.n • 507 
16._Z 
.6106 
CYCLE.t 
'" 122. 
Un: 
"h 
U,. 
U91 
uu 
2"" 
2617 
2732 
U6l 
tU1 
:S001 
3111 
3169 
3210 
llSJ 
"ltn 
• 
C'f'CLEf 
.. 
... 
... 
... 
... 
... 
••• 
'" 
FINAL REPORT 
TABLE Dl-37 
u~!~!iNI ul:I',=~ 111,1;1
,1 . 
I • ! " 
n.t. ""' SIlIUIMIl u •• ' IISf'lI.hik f 
""/8nl~ II' IOEL T'~~hCLE "i'UU1~!'" m'glUn" 
.1"1(-12 .51, .. E .. ,,. U •• lI .,6." 
,inu-DZ ."I11£ ... 1t ,t." 1F." 
.z!'u-u .UIIE-I! ZO.II 11." 
.ZlttGE-Gt .9'63[-lIft 21.Z41 n.u 
.U'DE-Dl .1IIIIIJE-U Zi." , ..... 
.:SIoOSE-GiI! .UltIiE-U 22.'1 u.u 
.Ultu .. az .1IlJ'[ .. U non 21.1ft 
.!lUU-02 .ZZJIE .. U 21.91 u.u 
.6U!lE-12 ."6IltE-OJ Zit." U.S. 
.6IUE-U .Z/tItIilE-1J 21.22 22." 
.6&U£-12 
.26"£-13 25.90 n.n 
.USSE-at • .,nu"u 26.,10 111.16 
.U1U-U ... 312£-13 21.U 211.72 
.U60E-U .... uE .. n Z1.~D U.ll 
.tUZE-at .... nt .. n ZI • .,6 n.n 
.S3UE-DL .'!i2IlE-n 2'1.'0 Z6 ••• 
.1I26E-Ot .1U1U-U 30.51 Z7.77 
.23S'E,,01 .9U1E-U 
.n." lI.a, 
TABLE Dl-38 
""/8~blt 1" lOEt. T1~'hc&'E ,.i'\~lnW" m'mm" 
• 1153E-01 .IoSliE-U 21.103 n ... 
• 1539f-U .106OE-U Z9." Z1.Z6 
.tI6ZE-Ol .unE-U n.ZII u.u 
.ZIIU[-U •• 7IlE-U !Z.st n.,., 
.'UtE-at .U6ItE-OZ ]',IZ n.7I 
,.710£,-01 .1 .. n-12 3'5."7 n.lI 
.UIIE-lil .1I,,6E-12 31.Z'I 31 .... 
o U61Et" ,"166E-02 u.n "7.17 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
F 
F 
F 
F 
F 
CRiCIt Utte'M l~~11 .U1 
3,'\11 ,151+ 
".1] .1!11i 
5.1t0 .<'u 
b.Co; .ll,\ 
r..re .ZEil 
1.H, ."eli 
1.'11 .H2 
1'1.52 .US 
'1.1'1 .56l 
'1.98 .J91 
lJ .111 .1t2'-
11. /00 .1010" 
lZ.1! .,,19 
lZ.fe ."qi 
13.311 .'.;l1 
llt.OIl .0;51 
1/0.58 .0;1-1+ 
1;. JIt ."'Clo 
l&.JII ."H 
113.115 .61il 
11.50:; ."it 
U .... 4 .na 
11.A6 .1101 
1'1.1t1 
~~. BZ 
Z 2.13 
ll.Io/o 
llt.80 
It..li 
~ 7.61 
l8.9/o 
~O. 05 
]1. Ja 
U.EO 
13.99 
15.28 
16.6'1 
11.95 
.. a .6/0 
/0 .... &1 
106.11& 
1011.6/0 
109.111 
51.31 
" .... u 
.;t;. ZIo 
OJ 1.53 
60.105 
6-1+.Z6 
66.91 
72. tlo 
7&.81 
.7f,7 
.1110 
.~71 
.'In 
.''116 
t.e J1 
t.le1 
1.135 
1. I~' 
1.~lZ 
I.le) 
l.llll 
l.l,Q 
1./0105 
I ... q/o 
1.(,o, 
1.6aa 
1."11'" 
I.CUo; 
1.'16G 
t. ~Z~ 
2.177 
2.Z65 
Z.11111 
2.5]0 
2.6]0; 
2.81;0 
1.e 25 
FINAL REPORT 
Cl'ClEi 
111:!! 
ur;"l 
13781 
15610' 
11001 ... 
18061 
1'1113'\1 
1't817 
i"~ 659 
21-5JIt 
22011 
l<'561 
l3C15 
23]16 
23175 
21oCIt/o 
2/oJ21t 
210625 
~ .. .,a ~ 
2;113 
25J"'i 
25610& 
251119 
261121 
Z6317 
Z&&1~ 
Z&lIb& 
21C'Ji 
21lJ'J 
215110 
21111') 
Z1'l1o'l 
2HH 
211 <'ill 
281052' 
211'iH 
za 1101 
2811511 
noo:;& 
Z9206 
Zi506 
Z96G6 
29N6 
2'UJ6 
299a 
J0006 
30136 
lOU1 
30B 
3D Ita 
30501 
]Q 5 .. 6 
TABLE 01-39 
.11'15E~Dl 
.21'1'iE-C3 
.3.004[-: , 
.]/070£-01 
./03'J5f-Dl 
,0;90lE·n 
.US1E-~3 
• 136q£~O 1 
.H1R-n 
• 'J10~£-0 3 
.1661o£-G2 
.U23[-e2 
.16/o1£~Cl 
.1683£-02 
.1'il1E-OZ 
.2113E~Ol 
.2a6U-lIo? 
.i!527£-Ol 
.Z80;1£-02 
.Z60;1I(-02' 
.]6'Hf-OZ 
.?O;'Ju-oz 
.3alo~[·02 
• n .. ~£-cz 
,"/001£-02 
.101j~6E-02 
.5295E-U2 
.51132£-OZ 
.S71Iot-H 
.60lol£-02 
.6311£-02 
.612"E·02 
.6'1S3£-H 
.lnJE·ij2 
.852'1£-0 Z 
.916SE-Oo? 
.'1IoZU-oZ 
.1151E·Gl 
.130/0[-0 I 
.1355£-01 
.1391£-01 
• 177!SE-01 
.1111]£-111 
.15Z"E-Ol 
.152"£-01 
.Z"UE-Dl 
.2216£-01 
• 38'15E-Ol 
.25100£-01 
.35'iIiE-tII 
.6016£-01 
.qUI£-tII 
0-34 
... 106£"00; 
.116111!f-0'i 
.1111/oE-01o 
.136fo[-Oft 
.1111£-0 .. 
.232/0[-010 
.2700E-01o 
.o?'101£-I!It 
.HISt-OIo 
.]0;115£-11" 
.60;0;1E-01o 
./oI,ZII£-OIo 
.61083£-010 
.66ZII£-01o 
.6o?ft/OE-OIt 
.91011£-0/0 
.1I1103£-U'' 
.'J'I511£-01o 
.1121£-03 
.10106[-03 
.11031£-03 
.1020£-03 
.1191E-03 
.1316£-03 
.113IoE-0] 
.1166£-03 
.20115£-03 
.2f?'J6f-0] 
.2217E-03 
.U7'JE-03 
.ZIo95E-0l 
.Zf./o1E-Ol 
.Z117£-03 
.31'31[-01 
.3151£-03 
.n87£-03 
.Hl0E-0] 
.105",0;£-03 
.5133£-03 
.5333[-03 
."'500£-0] 
.1000[-0 I 
./o'iUE-Ol 
.6000E-03 
.6otOE-1! 
.9500£-03 
.'JaDliE-o! 
.1533£-02 
.1OIIE-1i! 
.1/o0oE-IZ 
.H6eE-GZ 
• 661£-122 
DEl'AISfRESS 
"PA SQII:' lin 
11.5'1 
12".9a 
l1t.06 
111,'95 
15.16 
U.50 
17.23 
11.'!J 
18.61 
1".37 
20.11 
ZO.15 
21.51 
i!2.1t 
U.61o 
23.22 
23.13 
2/0.2'1 
210.91 
25.'i2 
2(" 10 
26.65 
o?7.16 
l7.61 
ll.33 
o?'h30 
1O.l3 
31.16 
32.09 
31.0' 
33.'\11 
310.11 
Is.sa 
3f1.31 
17.16 
]8. aD 
!I.n 
]9,61 
'0." 
IIZ.310 
"1I.o?o; 
"fI.n 
" •• '1'1 
117.111 
101.16 
50.00 
0;1.11'1 
'i3.11 
0;5.fto 
'i1.6o 
60.56 
fllo.lS 
I;IE~unh .. 
111.5 .. 
n.11 
12.19 
U.60 
110. ''i 
15.02 
15.61 
u.li! 
16. 'lit 
17.6l 
18.36 
1S.'11 
1'1.51 
20.11 
20.lIa 
21.13 
U.lIo 
22.11 
22.67 
2l.Z2 
25.10; 
i!1o.Z6 
21t.11 
Z5.U 
zo:; • .,,, 
26.66 
27.'i1 
la.3'i 
n.li 
3D.a6 
so ... 
31.5' 
]i!.Ji 
33.05 
33.112 
311.'ia 
3S.lS 
36.11 
31.22 
]I.n 
100.21 
.. 1.'1" 
102.1' 
103.51 
.. ".JII 
1I'i.SO 
"'.a6 
.. ,.n 
'ill. Itt 
'52."2 
'i"'.U 
51./01 
y~G£ \S O~\G~~; QUtJ.tt'l 
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FRACTURE MECHANICS DATA FDR 
2024-T861 AND 2124-1851 
1t'1'11o'0 
C"ACIt Ll"r,TIl 
" " ~.f.<; • t.lo 
.'. !8 .1~~ 
'. pc, .:z;:-
..... 7 ,170 
!I.a .':11: 
' ... Jlot .... ~1 
~. 1.1 .:-t;!i 
70\ J .~ 1'l 
7.~1I .~Q'" 
.. ,'.1. ,~ , .. 
'loll ,l;oJ 
'"ttl .' ~., 
u.:! .ltlt~ 
~l •• t ,Ion 
~l.~: .I.q~ 
.I. ~ • .11t .~l'i 
110 ... ~ .~f.i:" 
~'>.I~ .<,f10; 
~S. ~" .r'12 
lh.se; ,,,<i1 
IT.P , ~. ~ .. 
17.77 .1 ~_ 
1 ~ .flo 
."10 
1".~~ .1~b. 
~1.1' .~ flo 
Zi:. ! .. .~II"; 
!J, ""' .~ ~Io 
?o.ll 1.: Iii 
h. !~ 1.1 '110 
B.C' l03]Z 
.p;.1'1 1.Ho; 
1(',0;1 1.~ III 
]~ • .,10 1."~0; 
]'<1,'11 1,0;,11 
IoZ. qf, 1."QI 
100;.1:1 t.17f, 
FINAL REPORT 
TABLE Dl-40 
«:prr:t~rt~ "u'tllrl't 
,1>r::t"£N o~H~TAH~~: 
t~~"i~:;I~I: 
fEST FI1PElIUU'~1 
'Pi:CTtt["I h'ICI{N[~ , 
. "A.I .. tJ"R~~n ~: f"~~a"~ .. JTI CYCUS TI1 1LUIlP 
~YC~£ S pqrOD TO U(l.l,ilf I 711017 HP' '>QllTett' • 
CVCLF'i , 
DEL TlUIIOEl fAH" 
"IH/CICLE 1N/CYCLE 
7&; 
.6~t;(·i)J .2U1E-OIt 
.1":Jf-~Z .~ql'1E-D" 
lU& 
• 1'ililf-OZ .fIt/olE-D .. 
1 b,," .Zh'i[-~l 
1'111 
.1I3l'JE-OIo 
• .!!· ... E-:Z .1 .. leE-Ol 
Z?Jt 
.~lIn[-GZ .11BE-U ?Iol ; 
.It(2)[-'~ .inItE-OJ 
.?~i~ 
.ltltH[-:~ .HUE-O] 
i!'1H 
.Gt"1f":~ .It'iaf-33 
llll] 
~qH 
.1Zl!i[-~1 .2I1ltll[-Ol 
• 7"f>~l-r.Z .2917E-D3 2QQ' 
.':!~ .. U-~2 .37Q&£-03 
311t" .lltl'l[-~l ,5667£-0 3 
11<:1~ 
,H3<;[-H 
."I:'It£-9] lllt'i 
J3J J 
,l<;l6r"Cl .r.c/tf.i:'E-;n 
• 16'iilE-oil .f>'iZ'tE-01 
13'i2 
lJl j 
.2"16£- .. 1 ,tJ'J1![-Ol 
.lM1£-"1 .6577£-lIl ]416 
lit:;; 1 
,?lotJE-iil .<:1101111£-111 
14il 
.ll61t£-H .11912£-0 l 
,JIjIo~£-~l .11"£-D2 15:11 
,'fIoH-~l ,llonE-G~' 
l'il; 
• 3305[-'1 .1 J01£-1l2 H1J 
lb~ OJ • JIo16r-lil .13M£-OZ 
Hi); .J1Ifo'[-H .1SZlEwCll 
'660 
.Oj~fill£wOi .HlloE'-OZ 
l&H 
.,sur~.a .Z"6~E-Ol 
STitt 
.tJIUE~~l .1S<JU-OZ 
316S 
.UIo1E·C; ,"SITE-IIZ 
1771) .1"Z6f'" .15IZE-02 
,2Z11EtOC .1I7QZE~OZ 
l1U 
oJult[.Qa .t]"IoE~D1 
H$l 
.IoUlE.at .16106E-01 
31H 
37'17 .S~"ZE"i;: .ZOO1E-D1 
• "'l"'~E .~O .Z106E~lIl JIIH 
t' -ZU LOHHbfi!~t 
LAI .'1 
"n.D Ie 1.610 .... I.C'''' INa 
1'15.1 I1P& cz~.1t ICSI~ 
2~1 C 11 It;l'~~. n~n 11.1/0 
DU1"'iUESS 
ItPi 5QRTI"' A~IE~~'nhH 
17,11 it.ll 
,'"St. 17,11:' 
ll.lCI 1<1.37 
U.lJfo 2),8" 
210.0;,7 22.16 
25.~l 2.1.M 
Z7.U 21t.'" 
ZI.2tJ iH.11t 
29.1$9 2,.93 
10.97 211.1'1 
32.15 29.2' 
n.':!] 33.81 
lS.fol n ... , 
1fo.6S n.n 
11.6'S 1/t.17 
1110'10 3';1."0 
.. 0.11 u.s'S 
I,t.U J1,1t1 
112.01 11,l'l 
Itl.2f.i: ;n.l. 
It".DIJi 110.11' 
.. 1t.tJD .. ~.11 
1t6.24 102.U 
101.16 Itl,ljlj 
1t'l.Z<J 1010.'''' 
so.<Jl, "'.n 
n.ll ""IoJ 
56,1';> 51.6,. 
6C,l'l 15",'16 
6Z."6 sr.!r. 
6 ... 11 58.'1" 
66.JS 6J.3I 
"'I.G<J 61.'16 
10.'.a 610.11 
13,17 66.sa 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
2:"ctl UMG'= 
l.Olt .1ro 
:S.61 ,t ... 
.. ,ioU .1n 
' .. 91 .193 
'5 .... " .U6 
6.a1 .zn 
6.72 .HIt 
T.U .290 
1.010 ,1l6 
'.70 .1"3 
,.36 "S6'l 
10.03 .J'II 
11.76 ,"2" 
11.102 ... 50 
12.U .\7' 
U.fl .1097 
13.25 .'iZl 
11o.Gt .S5~ 
1 .... " ,'i'" 
15.n .619 
16.37 .6ltS 
U'.H' 
11.11 
1&.15 
20. 01 
21.'5~ 
ZZ.fll 
23.1:)1 
ZIj.ZD 
26.61 
21.'13 
29.32 
30.71 
11.91 
3hJO 
1<0,61 
36.35 
37.6,. 
]9.]1 
101.53 
43.101 
<oS, lit 
,,7.15 
51.0'5 
'''.23 
0;;6.77 
511.17 
fj 1. 09 
63.2':> 
66.17 
.. 1.20 
70 '''11 
72+90 
11.1'1. 
79,8ft 
.u .. 
.713 
,11ji! 
.790 
.... , 
.Ut 
,.,,,,, 
,992 
1,010, 
1.1U 
1.15. 
t.~09 
1.259 
,.111 
i.Hl 
1,10;'1 
1."'H' 
1,550 
1.615 
l,7U 
1.70515 
1.".0 
l.OU 
2.135 
2.i!15 
2.Z9a 
2.,,0; 
2."'0 
2.605 
2.fo&5 
2.775 
2.1!70 
hi-flO 
3.1Io'i 
C'C1£1 
,,"'3 
1sr. 
lin 
100'1' 
In'7 
12622 
U!/tOS 
I1ol60 
llJ08l 
1"2f 
16U9 
Uts" 
1699: 
lUll 
11tn 
111111 
11161 
1I5lt39 
117011 
U9t1l 
'9''57 
n:JH 
l'i!"~ 
197~ 7 
199910 
COU9 
ZOlU 
zon" 
ZO"iI 
ZOUi6 
ZO'lI! 
21126 
ZiZ6! 
Ul9D 
211059 
ZH10 
21711 
ZUO'l 
2'1'09 
ZZDO'i 
UtD'i 
Zz~a'i 
ZUOlJ 
ZZ"O'i 
Zj!'!i09 
ZZ'S5'i 
ZU09 
lZt'iIJ 
ZZ69~ 
Z2J'tIJ 
zzr,,"~ 
zzn'i 
Z2179 
ZZ1'i:l 
FINAL REPORT 
TABLE Dl-41 
,IU1E-n 
.l9"u-n 
.~D!Ju-n 
.Ioun .. u 
.U7DE"03 
.U7IIE-U 
,71UE-Dl 
,"IU-U 
.9U1E-U 
,UlIE-OZ 
.UOzt:-or 
.1'-08E-U 
.1')7U-OZ 
.ZOSIE-U 
,16IoU-02 
.Z931E-02 
.26'IoE-OZ 
.ZM1E-02 
.3ltlIE-Ol 
.31107E-U 
,3'i101[-''Z 
,~ISIE-OZ 
.Io;SloU-'l 
.SOS9E-Ol 
.sn'iE-Ol 
.57S7£-OZ 
.70'!ilE-OZ 
• 7':19~£·112 
.79811[-02 
.0"5':iE-OZ 
• 118'1[-01 
,"60U-OZ 
• 'i351E-OZ 
.1030[-01 
.13Z0E-01 
.1IoU£-01 
.tzaa£-Dt 
.t76lE-at 
.Z1'!i9E-Dt 
.1'105£-111 
.1'105E-01 
,zun .. Ol 
.3.10ZE-01 
.3175£-01 
.z'!i~a£-01 
,279<0£-01 
.18IoZ£-01 
.Io]18E-01 
,831oU-U 
.81l!E .. ra 
,""~£-01 
.1609Eooa 
.z~uEtaa 
.1':163EtOC 
D-36 
• 'Z6u_n 
.11"£-" 
.UU£"'1t 
.1IU[ .. ,1t 
.U2:3f-'Io 
.2106'1E-11o 
.lI2ZE-OIt 
.31 .. E-.... 
• .1IU'E-'1t 
• ..,UE-Olt 
.SI26E-O'" 
.Sf_"'E_IIt 
.17hE .. 0'" 
.IUlE .. OIt 
.6 .... £ .. 01t 
.11'!iU-03 
.1061[ .. 03 
.1059[ .. a.s 
.U,,"'IE .. 03 
.tzlU .. O:S 
.U!UE .. U 
.U.s6E-D3 
.U'UE-U 
,1':IUE .. , 3 
.nrsE-O.s 
.2261£-01 
.2776£-03 
.111t7£-Dl 
.31105£"03 
.3nu .. ;u 
.Io679E-03 
.1815E_03 
.3&11E-03 
.1t15IoE-03 
.SUlE-03 
.5661E-03 
.sour-a.s 
.MUE-U 
.8'5DOE-Dl 
.nOOE_OJ 
,1'!iUE-1! 
.'J5UE_OJ 
.UOOE-OZ 
.12'iGE-02 
.1111l0E"02 
.1100E .. gz 
.ZlOOE-Gl 
.1700£·OZ 
,32UE-oZ 
.320GE_02 
.uoaE-GZ 
.6333[-G2 
.4'ioU-OZ 
.7721E-GZ 
" ... 3 
12.!JilI 
U • ., 
U.2" 
n.12 
15." 
16.54 
11.36 
U.09 
11." 
19,"'1 
n.1I 
20. 11ft 
ZI.51 
U.05 
ZZ.55 
23.1') 
U.IIII 
Z".5' 
25.14 
l5.0" 
26.52 
27.0'1 
l1.13 
U.1a 
Z9.72 
30.59 
31.108 
32.37 
33.ZI1 
310.17 
3'i.01 
.J5.9Z 
36.70; 
37.;0 
U.53 
n."11 
100."1 
<01.60 
IoZ.II'i 
.. 10.02 
1t'i.3Io 
107.11 
"9.12 
'!i0.93 
;Z.19 
'i3.'i4 
50;.Z7 
'ift.'J9 
0;8.11 
60.25 
61.96 
610.71 
67.109 
u .... 
11."" 
lZ.26 
U.'It 
13.61 
110.31 
15.11 
15.11 
11.'" 
11.11 
11.n 
11.37 
1I.'JI 
1'1." 
20.07 
2I.'!i2 
21.11 
Zl.1I 
22.35 
22.U 
23.52 
211 •• J 
ZIt.65 
n.ll 
26.l1 
2,.GS 
27.'" 
28.65 
2'1.106 
lO.n 
H.lD 
31.42 
3Z.69 
33.1010 
310.20 
35.07 
l5,CJ2 
36.77 
37.16 
la.'i' 
100.06 
It 10 2ft 
102.81 
"".10 
"'.35 
107.;1 
Its.n 
"!'1.3D 
51.81 
53.1t] 
'ill,., 
56.3'J 
511.19 
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3.1t! .ll" 
S.'3 .1'1 
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1.11 .211 
15 ••• oUt 
6.iZ .2i1. 
7.56 
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'.:S5 IU, 
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9.st 
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UI.S1 , .. it 
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llt.6I . ." &S." •• u 
U.21 
.'It lI.,. .... 
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.1&1 
n • ., ... , 
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UU 
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'6U 
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"'" S .... 
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1'" 
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.UUE-I! .UUE.-U n ... 21,'1 
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.UUE-" .n1lE-1l II ... 2'''1 
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.U1I6£-11 .6"6E-1I JI.M 11.12 
.1IU£-11 "UtE ... U .It.'" I1.M 
.UIPI:"" .IUK-n It.II 12.1, 
.U61E-1t ""fE-1I 11.11 nl'" 
.urlE-at "III£-U 17.'" 1',lt 
.2111.£"11 "UtE-1i .1 .•• n •• i 
.ZItI5E-1t 
""Il"" n ... .1." 
.ZlUE .. 1t .lun-u 'I." n.u 
.ItU6E-" .t1lU"tz 411 .... II ... 
.tU7E:-1t .2111£"12 l1li.11 J'.II 
.6"1£-1i .Z'II£-U .,.72 It." 
.nJZE-I, ,''''£''12 "." 'I." 
,'''5£-1& ."In .. n ..... Itt.,.. 
. ,,,u ••• 
'''U7£-tz Itl." .... ., 
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l ... 11 
1",'110 
111,'110 
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17. ,<, 
)II, :: 
"J. ~Io 
• ~ .q~ 
1.tH 
t.1<;1 
Z.! 7~ 
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UII-'Ll 
101 .. -'16, 
LONGiTUDINAL 
UNSI."EN£D 
LII AIIt 
.. 22 •• It' 
1.6'5 Nfl ,.",. • .., 
SPlCIM:H HIJ!f8£IU 
ALLOY "PEl 
SP[ClflEH OIIl£""'nO"' 
COHSUllNTI 
ENVIRONMENTI 
T£ST '£"P[tUUR[' 
SP EC IIt[N TH ICKHESS. 
.... IliUM stllfSS' 
Iit-RIlIOI 
fREQUENCH 
CYCLES TO nllUItEl 
CYCLES .. 111011 TO fltlUItCi 
11 ..... NP' CI.6.6 It;SU 
... 
211 CPN 
"24 r.1CLES 
6f .. 11 "p, SQIU HI C 60 .... IJCSI sault"" 
C'fClES 
I 
'" 
"""11 
~"&1 
28.!1 
31111 
1'.>&10 
39Jo; 
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.UloJf.-D2 
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.3''l5r-~Z 
.U71j~-~l 
• Jo;l'i[·~~ 
."lH£·Q2 
.1t1t~It£ -; l 
• "11"''''[ .cz 
• q;:Ol Jf -0':' 
,1 !1~~ -~1 
.1,,1>1£· .. 1 
.IHlf-tl 
.11~lf-~1 
,lflU - .. 1 
.1"'·HE·~l 
0-38 
.1o~2'JE-QIo 
....... E·O .. 
,,,IHIIE-a" 
.18107E''~1o 
,'Sa'J7E-01o 
.78'>~E-CIo 
.<Ja"ZE-OIo 
.1I7<;1E-.. 1o 
.IZ5"F-03 
.<J7DH-O .. 
.16<;fI[-L3 
.1111000£-G 1 
.Z3lJ'£-el 
,lll~1f-\ll 
.H'i'lE-OI 
.0; 170;£.0 1 
.101'1<t[-0} 
.1o7f,r,t-O' 
.IoIotZf- .. l 
.flSllPE-el 
.f,~'OiE-.n 
.Oifdll-0! 
.7;'7'£-113 
• 'I 10 llo ~ .. ~ I 
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Zl.H 
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Z6.fil 
27.1'> 
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F 
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f 
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.. r .'l" 
,CU.ln 
CRACII' LENGj" I~:IJ • gs 
'1.12 .313 
111.100 ,"U 
11.31 ._11. 
12.21 .11111 
13.1. .'-lin 
1"'12. .55! 
15.11 0 ... ll1 
16.13 .6n 
11.21 .,'8 
1~.1~ .1'1 
1'1.11 0''';' 
2'1. I~ • '10<' 
Z3.~J .'12':1 
25.11' 
21.'. 
2,.'5 
:It." 
n.Il 
,11j.'58 
17.53 
,1,.]1 
111.21" 
IoZ.1l 
101.75 
107.210 
"'.10' 
1Jt.'S' 
52.32 
n.2' 
n.n 
'51",n 
5 •• 12 
62.ta 
1." 11 
1,UI 
f..ln 
1.25. 
t.Ut. 
1,Ul 
t.1t7' 
t.'5'1 
1.62!5 
1.611 
1.1"22 
1.1" 
1.49'" 
2.0!1 
2.01D 
2,1711 
2.22'5 
2.211 
2.3" 
2.Io,.'S 
~fd I 
ql1~ 
.'117 .. 
'pq .. 
C'fCL11 
1221 
I1n 
ZII.., 
Zl6S 
IZn 
3161 
ioU'! 
1t311 
III .. " 
41\62 
"'~ 1J 
;:'''11 
~('I+l 
SI!1'J 
un 
Inr 
'''00 
not 
65112 
IUD 
"lIt 6811 
686ft 
un 
1!'J51 
1001 
flU 
701J. 
11182 
7II'1tr 
710" 
711& 
1101 
FINAL REPORT 
.~1II2'[~~1 
.qlj~'H"J1 
.u.lqr.u~ 
olnu.~t 
,Zlo;ZFtae 
.6J'1J[+Ot 
,ZSOJE-Ol 
.3UZ[-QZ 
.37'5:F.-Oi? 
.'S6ft7f,·U 
• 10o0E-OZ 
.1OUE-01 
.Z50~E"Ol 
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.usu:-u 
• U6t.£-1Z 
.111 .. 3[-02 
.zuu .. u 
.U57[-02 
.t.1U'"U 
.snn .. tz 
• .n'l'i[-DZ 
.U6iE-12 
.UUt-Oz 
.10'57'1[-02 
.b~C'!E-n 
.e~IoZE-~2 
.~~34r"!1~ 
.1(SU-Ol 
.1313£-01 
.U.S'i£-It, 
.U:sItE-1t 
.Z01n-11 
.22111E-01 
.2100£"11 
.ZlJl1E-G1 
.ZUU-I! 
.23!U£-11 
• 6860E-1I 1 
• 1t311E·U 
.11491(-11 
.'UtE·1t. 
.U23Et'" 
.10'58[*10 
.u.ntll 
•• 'S2'EtU 
.ZZSlE*Q1 
0-3!1 
... UtE· ... 
•• '61E· ... 
.,.IU-I_ 
.ftIU-1It 
.UI"U-'" 
,""fE-'" 
.11"(-13 
• 1II1n-13 
.12'"-13 
.2n!E-il 
.1110lE-O! 
,2523E·01 
,]J"JE-~ 3 
,336I1E-1I3 
,101'51E-O] 
. '.'H"" 
• "6'5E-" 
.1222(·n 
.IU'E-n 
.17Sn-1l 
.UIU-D2 
.1UIIE-IZ 
• 11"11£-1 Z 
•• Z"E-" 
.2t'1£-12 
.111IE .. 02 
.2111£-12 
.UnE-12 
.UZ!E,,12 
.... 67E-1I2 
.'5'"£ .. 12 
• 31''5IE-11 
,4911111£-11 
51.56 
53.ftt 
5'5.6'1 
'51.~6 
5 ...... 
'.>'1.62' 
~O.6" 
..n 
tI .... 
11.11' 11." 
lh31 
U.7I 
12.13 
12." 
12.ft 
13 •• ' 
1 '.IIJ 
tl .. lle 
15.\~ 
11), ~r; 
\t-7o; 
l7.II' 
11.12 
U.61t 
t •• 21 
tIIJ.1Z 
U.fIo1 
zs..ta 
21. '51 
21."11 
22.6' 
n .... 
2 •• n 
2'.61 
2'5.Z1 
2'5.'1" 
U.30 
26.111 
27."-
.... 
'.1.1 
'.tt 
t." 
11.21 
11.1'5 
U.U 
U .... 
1.1.12 
12.22 
ti!.59 
U,U 
11. eo 
111.51 
15.211 
n ... 
11 .... 
U.t? 
t7.51 
11.'11 
lI.II 
tIIJ.U 
1'." 
U .... 
zl.n 
21.17 
21." 
22.l1li 
22." 23." 23.'10 
210." • 
25." 
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2fl4-TMl AIID 2l24-T151 
IIMUI 
CflACIC !.ENGI H 2~;' . I, 
1.3a 01.5.1 
It.ttl .151 
".1l ,In 
S.IIZ .2U 
6.22 ,21t1 
6." .2Y1 
1.1t1t 0'<'115 
I.U ,.120 
'I.l6 ,lU 
9.19 .3119 
lU.S7 ''''16 
1~.96 ,/t32 
l,.:I..u .1051 
1.2.18 .ItIC 
U.I! .'i06 
U •• 2 .52.11 
11 .. 11 ,"II 
lit. 7'5 ,'.ill 
1S.2, ,(,1:2 
U •• 1iZ ,631 
16.61 ,Mit 
",iC .67:1 
17.11 .100 
le.n ,123 
1'1.'13 "6if 
ZI:.1I 
.'U 
22.010 .161 
Z3.n .913 
ZS.5. 1. OGI 
26,'1' 1.06Z 
21,18 t.109 
2'1.22 1.150 
n ... , 1.too 
31.62 1.21t5 
lZ.1fo 1.216 u.,. 1.!n 
SIt.7I 1.l" 
35." 1.1013 
S6.1I 1 ... it' 
CYCl~1 
5ltSIt 
un 
l'U' 
Ullt" 
llS1] 
1116\6 
15ltU 
163Zli 
17101t' 
177'16 
U1H 
UlEn 
iUS? 
iqloU 
U1n 
2:10'" 
ZllJ92 
ZU .. 1 
lOU9 
21116 
nUt 
Ult3tt 
zuU 
2U~9 
l210t 
223'17 
226ft 
2Z"'l 
UUI 
nsn 
Z]158 
U." 
2101127 
Z/tlS9 
ZII219 
2 .. 1t1.6 
Z .. 516 
211116 
2It'11o 
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L"UUi~~ 
.. I:~·";: 11'~I"!n 
.. , ... , "~a SQ."Mi( :17.61 .ltzU:~i¥~if 
""/8'~l: CII ,eEL 'tA'~'Cl£ •• i'mm:'" I~l'mm., 
• 12ZDt·n .... .,£-.5 u." '.n 
.222IE .. n ."Ut-If 11.99 t.G.9Z 
• !3'1l-~.1 .unE-DIt u.o .. 11.17 
.:st8f1E-OS .u,n'-alt llt,16 1Z.n 
.UIZE .. gs .nUl-O" lIS. 117 U.71 
.SIll5£ .. n ,2117£-1" 16.111 tII.56 
,"28£-01 .!GItZE-,,, 16.16 1'i. i!S 
• ruu .. u .uut .. , .. 11.1t1 n •• o 
.U,U-02 ,lt5':. .... ,. ,1.1t'l 16,U 
• !'SUE-Ill "'n[-o' , •• 1t1 17.66 
.1210E-1I2 .'3.IE"'1t n.oz 18.22 
.ult'IE-ez ,ItSZll-11t 20.'51, 18.fi9 
.U"E-Ol ""'1tt-DIt u.n ,9.U, 
.2UU"02 .1'1l5E"UIl 21.&2 1'1061 
.18!<lE"IIZ .12:101£''01t 2Z.1I 20." 
.222'1["112 ."'H-Olt n.n 2~.611 
.2110[,,12 .".2E-O" n.lO 21.21 
.2351£ .. GZ •• UrE-11o 23.17 21.'l 
,3un·02 .1253["13 Z,..31t U.15 
.Hltn-12 .tll1£-03 llt.16 u.n 
.3172£"OZ .Ultu·u lJ." 21.11 
.28lttE"02 .ttt.u-u Z5.12 21.'50 
.HI1E-02 .u,n-u 26.21 21.,Z 
.n19[-GZ .1nO£-ll 26.711 2".31 
.10011[-02 .U1n-., 27.1010 21t.U 
.lt2U[-02 .U"E-03 2I.31t 2!i.7'J 
,"U5[-PZ .1111£-13 n.25 26.(,2 
• ItU'E-1t .t.I'lE-03 ,..tt. 27 .... 
.ntltE"OZ .2210£"03 31.,3. 21.52 
.6675£ .. 12 .2621E"0 :5 32.63 29.6. 
.6U2E-n ,Z731E-1S n.lt9 !t.1II1 
., ... SE-It .Z"'U"13 ,It. 22 31..1'0 
.U6U-it .32'11£"13 3",'1' ll.IZ 
.1717E .. 02 .:5'lU-U n.n 32.'2 
... GtE .... 2 .lUIl"., 16." 33." 
.IIo'OE-12 .H,t6£-1S 31.11 33." 
.!DUE-It ... "5£ .. .., 31.11 .,...31 
.11allE-11 .1ol1ll5£-U 1I.1Il1ll llo •• 1 
.912SE .. 12 .3192[-13 ".16 3!;.5S 
0-40 
MDe Ell53 
Dclollll1974 
, 
, 
i 
\ 
1 ~ } 
~ 
; 
J 
.{ 
I , 
.;j 
,;. 
i 
:'i 
J 
i 
-.1 
""h. .. 
1 
"" 
j 
1 j 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
1(1"4)11 
~~4CIC lE NGi~ 
1..7'i .1111\ 
1,22 .:?7 
~.9~ .~H 
".lio;;, .11~ 
s.n .n'l 
';,QZ ,( S3 
b."! • A';3 
1.17 .::'82 
7.1'1 • '1:' 
A,I,.1 • 1]7 
':I. 2ft • \M 
1;.1~ ."~I\ 
1 .. ,ac ,1021 
a.EE> ... 5~ 
1<,,1010 , .. '1J 
13.Z1 ... l~ 
110, (~ .:;,10 
.. !t.ftr. ,'i"O; 
15.17 .~11 
ili,~! .b5'1 
J. l' .Io~ ,"''''.; 
~;.v. 
!3,1;.<1 
?'i,llo 
?!I, ~5 
~ft.5A 
1..711 
11,"ll 
H.GT 
110, P? 
J6.11 
17.V, 
H.t!> 
It" .'016 
,,~. "io 
..... fl) 
10 ',.J7 
108.75 
'1.-'oZ 
'ilo,/olo 
<;'1.111 
."105 
."<"1 
,q1n 
1 •. 57 
1.125 
1 • .:tZ 
t. !'ifo 
1.Z'I1I 
1. 1 1\ 
1,1022 
1." 7'J 
1."13 
1.(,7'i 
1.1'HI 
t,1\2o; 
1.'l1"! 
z.~ 25 
l.tlt3 
z.:!lJ 
f:'t'CLE '> 
1 
'" , ..
UII! 
IItr,7 
1ftlt8 
11\2'1 
11tH 
lCIll 
JUS 
]175 
]22 J 
H~J 
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] '12 
HH 
]~G'J 
nH 
\~I\ , 
lUI) 
litH 
hJlI 
Jltl" 
,'fltn 
llt;!'l 
JIollt 
31tH 
]IoItS 
llti 1 
310Sit 
US'! 
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.U~"f-"2 
.1""7£-0 Z 
.lq.39E-~Z 
.2r.II~E-CZ 
.3l5IoE-CIZ 
.]n9E-~Z 
,"S'UE-02 
.ltS7 J£ .... 2 
,'iIlZ'IE-OZ 
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.2U5[H:.c 
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18.112 
!'J.61 
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62.12 
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.18.111 
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".96 
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111.27 .71'1 
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3.16 ,illt 
3.90 • nit 
".61 .-BIt 
5,"1 .211 
b.U .2]9 
£ .. fl1 .2U 
7.31 .Z'IO 
7.9& .1110 
a.5! .n~ 
Ihlt1 .17G 
1,.11 .191 
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11.11 •• 65 
12.105 ,1090 
1l.1" ,0;111 
t30lll. .5«'5 
llt.SII .572 
l'i.1II 
t"i,IIZ 
16."2 
lb.99 
17.f'& 
16.27 
111,6'5 
21.1!1 
.! 3021 
2 ... 6., 
.!&.C2 
.?7.25 
<;11.62 
Z/).91t 
11.35 
1.::.93 
11 .. 310 
15.1'> 
17.nQ 
JII.:3'6 
!q .711 
101.110 
1,2.35 
ItJ.IS 
Itl .. 'll 
,+&.21 
.. r.ll 
"q.IoO 
5a.lll 
'i3.C9 
S,.Z& 
sa.U, 
61072 
61t.3. 
65,'11 
67.18 
6<).cq 
11.25 
.78& 
,nil 
,tl1lo 
.'Hi., 
1.~ Zio 
1.t 73 
1.H? 
1.17q 
1.?3" 
1.<'96 
1.352 
i.IoU 
1,IIfiO 
1.510 
1.566 
l.fl2a 
1.667 
1.727 
1.771 
1.81'1 
I.AU 
1.') .. 5 
2.' ; 
2. e'JD 
2,Uo; 
2,21'5 
2.ltlC 
2.535 
2.0;415 
2.720 
2.1115 
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1 
116&8 
211ii!:9 
27U& 
us .. , 
J6"'S 
"0213 
"5~J' 
"54,7 
... 199 
S175~ 
Slt1.17 
5(,1115 
571056 
5US~ 
6Q1U6 
&la .. 7 
"'ZO~1t 
627117 
nlt5l 
&lte"10 
610610 1 
6Ij171t 
6552'7 
666elt 
r.!I05~ 
690Z, 
69715 
70103<; 
7'.05 , 
;1f"1~ 
1UJ' 
726~1 
73111 
7J5'H 
71031.01: 
'''336 
11oEoloJ 
11tH 1 
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155:0\ 
117&1 
159&6 
161£03 
163!Jl 
.57 , 
1692' 
"17& 
""2& 
71628 
174211 
71112a 
111.71 
71Z71 
7U7& 
711010& 
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• 2033£"IIZ 
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.tliIlU-1Il 
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.2lO5[-Dl 
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.1IIIGE-1Il 
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1.31 
7.'1 
1 •. 10 
'.72 
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10.29 
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11..11t 
11.It'l 
11.10 
12.13 
12.,.1t 
12.7/0 
13.112 
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U.S3 
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1 ... 05 
l1t.25 
,It.60 
1'5.Z1 
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16.32 
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1.9.18 
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2 •• t .. 
2D.SIJ 
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2'1.36 
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2 .... 1 
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32.12' 
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INft 'iUf':i'5 t,ttfaUM tu ... 0." "'0 
IHf 1 '!>urn LIt(U[II. tHaN , ... FlY! 
0-54 
1'1 •. • .. 
ott. II I 
lil. \'1 
l~dCl 
:fi,II: 
11.(11 
.HI. rI. 
n.n 
11.1<; 
l~,II'i 
'''.Ol 
lft. :) 
l5,Qr 
n.n 
)1,0;0 
U.,30 
S'I.:\! 
.1'1.'111 
.. a. '\'1 
10:. Ci! 
",'" 
110;, ~Io 
.. h. JII 
.l.'U 
.'h.'t. 
'Ii 0 •• " 
'S~.n 
"loll' 
"10.$1 
"" .. 11 
~t."11 
foa, l~ 
fd.lll 
fI",H 
flf. ,.. 
n.:) 
,:.'11 
rll.M 
"10'& 
111., " .. 
110,1111 
a~.'" 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T8SI 
KIHUJ ... 
CIIIICK LENlit)l 
tit! IN 
3.37' .t3] 
3.410 .153 
10.60 .Ut 
S.U .ttO 
S.')] 
.Z'" 
6.55 .ZSI 
7.100 .z'n 
•• u .31'1 
1.17 .310') 
'1.'1<) .In 
16.6] .Iota 
11.33 .10106 
I.Z.O] .10710 
1".<;'1 .1,'16 
lS,U .'S!'S 
110.11 .... !l'i 
110.118 .o;ftL 
l';,!l1J .&110 
16.11 .&35 
l&.U , .. 6S 
17.61 .6,)10 
ta.'5& .131 
1'10211 .7'5'1 
lll,73 .1'& 
U.C3 .ft61 
.!S.6S .')'0 
210.'11 .'1111 
l6.102 1.0100 
lll.QIo 1.1010 
l'l.101 1.1611 
SD.q~ 1.21'1 
H.12 t.Z'Il 
110,21 1.110':1 
1~.1JI, I.Iotlj 
sr.lo!. t .Io'S 
5'1. DO l,o;n 
.. Q.~r 1.fjQ1 
-'"'''''''''''''''''<""","'''',~"-,'''~~--"",",-""",,,,, ~O"""''''''''''~~'''-~ ___ ''''''<Aa ;1 
I 
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TABLE 01-59 
'!I!n~MI 
, ..... 1"''''11 1.1 .2 NP' 1.1 K 
2,1 ~ N 12" 'tCl 5 
103.17 tiP • SQRTI"" "'.'12 KEI SQ" w.f, 
CWCLES "N/8~U~ ,. "DEl "A'hc LE iEL TlISTII'ESS MP SGRU"' Ult:;~IHlNI 
1 
,1I0'IE-0l .7121E-O'J u • .o 11.13 
Z'fU .2771[~n .U'IIot.·g. 12.11 11..71 
'51062 U ••• 
.10'557E·03 .sUit·O" U.'fl 
7063 
.IoI'lIt:·03 .1921E~'" &10.12 &3.l1li' 
un .o;1'1U~Ol .22113E .. 01o 15.61 110.21 
'131 .. 
.1l71E-n .UUE-Olo 16.S1 n.oz 
lO'liti 
,'1'liI'lE-03 .177"E~01o 11.101 1'5.110 
11251 
.102IoE·OZ .1o0lOE-OIt U.i!:Z 16.51 
119'1' .1II0a(~u .3UIIE-I .. 1'1.21 17.1t1 
U1U 
.unE-OZ .1I'SI)'1E"OIo ZO.10 18.2'1 
UIoU 
.21101E-02 .'UOE·OIo 20.7'S 11.111 
13r611 .1'1nE~02 .7712E-'1o Zl.101 1'1.111 
tHU 
.i66U-OZ .65'5'1E-lllo 21.')' 2G.at 
lIolofjl .~ ... ~!~(" .'I1I1'IE~Hi, ZZ.'Ji1l ZO.'5'Ji 
11076fj 21.1'5 .ZIo2~t-Dl .'It561E~1I1o 23,Zlo 
tSGllio 
.lDI,7[-OZ ,'~ .:aaE~a!l 2l.'10 21.15 
1'5337 2z.1l 
• !lUr~aZ .130&E·as 21o.'S2 
l'~Sl 
.l667[-IIZ • 1201[-113 2'1. a .. 22.11 
10;1Z'I .3fltn-g~ .1"2'5E-U !'i.'S3 230211 
IS92Z 
• Sl1ZE-IIZ .13ZI[-Ol 26.1Z Zl.Jr 161'510 .1t1'18E~QZ .161)3r-Q] z .... n 210.11 
1631~ 
.110Z[-13 27.102 21o.'J6 
.103U[-D2 
16~1t6 
.1I30E-03 U.23 ZIJ.6') .1061o'lE~OZ 
U158 
.1oI11o[-OZ .t'lZlE-'3 Z".23 26.61 
111210 
.5378[-OZ .lU7[-1Il lD.Z6 Z r. 51t 
171oZ2 
.'S511[-OZ .lurE-OS st.Z6 Z8.lI'S 
l1MU 
.6680E-02 .l630E-03 3Z.2l /'1.ll 
118n 
.66'16[-OZ .2656E-II3 U.26 30.21 
U1l9 
• 'IZlE-IIZ .lD79[-D3 31t.26 31.111 
U~02 
.fl6OZ(-OZ .Uln:-Dl 31j.ll ll.OIo 
U"7,, 
.8836[-02 .lIo1'1E·as 36.211 H.Ol 
UU5 ll.JZ 33.'17 
,UfI'Il·OI .Io611O[-Q 3 
UflO7 .102o;''.i[~0! SI.30 31t.16 
.10IlE-01 
UQ62 
• 11fj8(-D1 .,,0;0;9[-03 5't.ZII 315.1'5 l'Jon 
.1lnE·Ol .10167E-1I3 IoD.23 36.61 
l'Ill7 
.11o'GE-1I1 .'i6ltE-03 101.20 37."'1 
1'1321 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
IIUIU, 
'" 
~~~Cl( LEN~IU 
3.tilo .1"" 
.... li! .16t 
1t.6t .11Sl 
5.21 .2:''5 
5.113 .ZlB 
To U' .21111 
'on .Joll 
1I.~ft ,u, 
'hZ7 .36'5 
to.CIt .J~5 
lli.711 .102 .. 
11.loq ... 52 
12.2'1 .u .. 
13.0.. .5t.Io 
13.58 .<;35 
1".33 .56/0 
15.111 ."'fa 
15.71 .619 
16.311 .M,5 
H.n .66' 
17.6& .695 
,726 
.nl 
.110' 
1"4, 0( l "''-.1 'I 
L 
•• "~ • t,t 
I ~ .\ 1 
11. 1: 
1 < ... ~ 
1 !..I ~ 
11,1" 
1 ~.,; ~ 
1 .. ,1: 
1~. ~: 
1'-, ... 1 
I ~ •. It 
1'> ... 1 
1~ .'15 
I ~. ',~ 
11.'11 
I ~ .';~ 
~5.11 
.,17 
., , .. 
.b'J 1 
C.Cl£S , 
'" 
'" 
'" 
'" 
'" 100'1 
1231 
1323 
11,12 
15Q6 
un 
16Ft 
113 .. 
17" 
IU') 
UI6 
nU' 
1953 
1')10 
201m 
20l. 
UU 
zU~ 
~]1~ 
Io' J'oI 
"61:>~ 
411"'~ 
~ '5~ .. '5 
5111 
o;f 1<' 
S~ " 
6G .. l 
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TABLE 01-60 
,U""E-DZ 
.19103£-02 
.3"'2[-02 
... azs£"Q~ 
.1010'0£-112 
.6555[-02 
.5167[-112 
• 76101E_O 2 
.1Ui62(-DZ 
.11'0£-02 
.1'5IU-U 
.'1610£-12 
.1zaJE-at 
.'ilUE-at 
.n"£"OI 
,lU6E-1I1 
.111.2[-01 
• U7D€"1I1 
.l<!'lU"U 
.21'UE-11 
.Z8Z1E-01 
.2lUE-at 
.32"6[-01 
.U'7E-n 
.n'lE-olt 
.UUE-OJ 
.t'58It£-03 
.11"£-03 
.2SltE-03 
.2311£-03 
.JOUE-U 
.JlIl\I£-n 
.JlO6f;-n 
.ulO£-n 
.uur:-OJ 
.10138E-n 
.311!!1£-DJ 
.il"£-II 
.UII<J£-tJ 
.611t2£-03 
.7lI6SE-1l 
.'111'1£-13 
.IUlE-13 
.1111E-OZ 
.1111E-03 
.12'11£-02 
TABLE 01-61 
.1~17f-·'l 
.1)7'f..·.~ 
• 1~f~~-H 
.1">1 ?,'-~~ 
o111~f-,~ 
.:I~"E-~~ 
.IUI.-;~ 
.;:O'~1E.~" 
... "i"H-'~ 
.<'Jr.1~-ll 
.2HH-~.? 
.';l:If,E-,.? 
.]l1~E-Ol 
."JfZE-Ji! 
'''n·~t .• : 
.IoJUt-a.? 
.'55~lr-~;:o 
61012£-02 
0-56 
.J~"H-ij .. 
.fl\~~~-u .. 
.bl: li-~ .. 
.1. ""l-: 1 
.111N-. I 
.b<'~~f-~ • 
.'I~'Hc-~ .. 
.b7~ .. £-~ .. 
d;8~f-C~ 
.7f'H-'~ 
.le liE-~l 
.17~'I£-: ) 
• Cj~a1£-n~ 
.IJ .... [-03 
.11IoH-Cl 
.ANH-O" 
.leO:;~[_~J 
.1.?ltE-Il 
.1'11;'1[-03 
.1"'1"[-01 
.1701£-03 
.l.U5£-D1 
.ZSl,,[·oJ 
OELfAtSUESS 
tlPI! SQIIY 1"' 
21." 
21.1' 
23.11 
lll.'t 
26.'" 
21.11'5 
29.11 
11.20 
32.111' 
13.111 
311.!J1 
Jr •• 09 
n.n 
U.22 
39.15 
IID.Z'1 
1I1.n 
IIZ.D6 
1tZ." 
It.1 .n 
".1' 
11'5.611 
lIi.'12 
13. , .. 
~ ...... 
"'10. '1 
l~.~ l 
~<;.", . 
"'". ~, 
.!~ • .,t> 
2t.~" 
H.ll 
n.,.," 
~~.ltl 
l'l.l~ 
lD .ll 
31.11 
!l.u 
~=iE=~U~l". 
11.11 
19.'11 
21.13 
22.l1 
lll.t7 
n.n 
Z1.15 
21.n 
2'1." 
30.11 
n.n 
32.111 
:SS.'U 
310. ,. 
35.63 
n ... 
31.'11 
3 •• Z1 
39.01 
n.n 
110." 
1I1.n 
112.10 
IT. ~c; 
I~ 01~ 
l~. 1G 
l'\ ... ~ 
2.'. " 7 
;0:."'<, 
~t.n 
ll.~ 1 
z.?"'l 
2'. q& 
lJ. J!) 
.n.f.~ 
?Io.~& 
If;.~~ 
Z1.~O 
~1I.11 
1'1.13 
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FRACTURE MECHANICS DATA FOR 
2024-T161 AND 2124-Ta51 
!u,fll l .. :U 
27,1Il! t •• ~"i 
~Q.I;t'. t.llilo 
J' .... ~ 1.~·. ~ 
'J,It, Jdl~ 
,~. ~2 ~. ~Qt 
If,. ~ .. :. ~Iol 
lH ,"10 t • .,P 
Jr,.b'l - 1.HZ 
',:.71 1.,,1,2 
.. :. t7 1.(,1(' 
'of"Io, 1. ''1~ 
~b.l" 1.~1o) 
.. to. ~ .. t.<l2) 
J •• 2'h 1.'IH 
.~ ,f>q 
" " , 'Io.':~ Z,l !~ 
, 
.;( .1" ?l !~ 
, 
'",'.f1 !.!H 
, 
"1.107 ~." ~l 
.,~. 7'; ",r·1: 
, 
'1,.1.'; '.'>6':> 
.,'1.f ~ ~.1~[ 
7 ..... J ~."?~ 
7 .... ",.1 1., l~ 
'<J,E" ~ .. ,~ 
~,. t,r. J.)'i, 
.,10 ..... l. 1~" 
Hoo7" 1.10111 
'.,." .. 1.7e. 
FINAL REPORT 
01-61 (CON'T. ) 
.6t'o"i.!C-CZ .26"£-0 S 
foh1 
.7IonE-.Z .2'U4E-I)J 
on .. 
.l'In~E-t2' .S27f1E-CJ 
"fI.? 
.<) .. ,u .. ~z .'51"E-~' 
.,1tlo 
.q?~JE-~2' ,16Ur-D3 
ruzr, 
.1t1&l-CZ .2'n~E-a] 
'lH 
• 'HOE-' Z .36'6£-03 
110101 
.UZlr-~l ."UZE-~] 
7&i1. 
.1Z7~E-Cl ,';:11[-" 
n-n 
.1Z'Jrr"~1 .'i1(l6E-03 
7115; 
.tll1'H; -~ 1 .Hlh[-Q1 
7'1lt 
.111U-,a .7a~E-n 
·Cr,r, 
.1117'1E-a ,1191E-'3 
HlIt 
.ZI\2'7f-U .1112£-OZ 
IIZH 
.]1&<lf-.l .12\&£-02' 
liZ;! 
.3~'11F"~1 .1J]IIE-Ol 
.:>1<; 
.'i .. Sa-tl .211~~E .. 02' 
'1SIt~ 
.'i1onF .. a .l11t;[·"Z 
~H; 
.1~ZJ(·H .3~311[·Oi! 
~ .. to; 
,QHJF· .. 1 .U67£·~l 
III ...... 
• 91 .... f -:'1 .]6UE-IIi!' 
'107 J 
.'HUF"U • '61\7£·: i! 
~"'i 
.lQf,n·!IC • 1167[-v1 
II<;~ J 
.SUlt .O~ .UUE-H 
.'H't 
• Ho7E t,,~ .10'iOE-ij1 
~'i! !o 
.'iUIo[tllt ,lUCE-U 
'I')]; 
,7!~~r.;, ,l17'iE-U 
111<;110 
• bl'5JE toe .l'H3E-Dl 
,0;31 
.,r,:!jE.'~ .3;3'lE-JI 
~o; ... 
.Z'l:21r.t~l .1 Jo;~£tOO 
1I1j .. 3 
0-57 
32.113 
n.'? 
H •• 6J 
n,'Sz 
3~. 77 
15.2'f 
l'hl1 
1t1!.2'f 
Itt.Z," 
102.2" 
103.31 
1010.107 
"';hr." 
I,6.6f, 
"'.76 
.... 610 
Io,.'1Z 
t;l.IoZ 
5i!. '!) 
') ... OJ! 
t;6.Zio 
;7,5= 
t;q,o;o; 
fll,8':1 
60;.71 
67.117 
7\1,U 
7l. '" 
'".20; 
7'1.67 
32.IZ 
31.106 
SIo.5'1 
So;. 7111 
"'.67 
37.!il 
S"I.Io6 
51.18 
r.1.9~ 
6'i,l'Jl 
&7.57 
MDC El153 
Dctobe! 1974 
ORlGlNAL PAGE 18 
OF POOR QUALl'lYi 
I [ 
~ 
i 
1 
FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
IU"''(I .. 
CRACK LENGTH 
1~=7 J~1o 
10.03 .J'I5 
l~.l'l .1t2S 
11.M .1051 
ll. it1 .108'1 
13,105 ,1)2'1 
110,"'2 ,'i7i! 
15.52 .fl11 
U .. 30 .6112 
17.1l ,(" .. 
17.<:15 .101 
1&.88 .1/03 
19.10 .116 
ZI.Ql .1163 
23.13 .'111 
21t.'1'1 .q~" 
Z6.211 1.0 J1 
~1.1S 1.11111 
ZQ./oft 1.161 
31.0;;'1 1.21010 
n.G5 I.UI 
IS.l/o I.J8" 
36.<;10 1./o1e 
31.~Z 1.0;16 
.. 0.11 I.S8t 
101.8'1 t."'Iol) 
103. t~ 1.6'13 
1t6.61 1.1135 
1011026 1.'100 
F 10'1.100 1.'1lt5 
F 5,'.70 Z.u :~ 
F SIo.]6 l.tloO 
F ;;6.13 2.<'H 
F 51).(,'1 l.l&;o. 
..... ~.-.,. '''''~'''''''''''~''''-----~"-'~'-~''''''r --1 
I 
FINAL REPORT 
CYCLE'> 
t 
11116 
HJIj 
19M, 
lJ1t1l 
212'1 
3079 
llt'J! 
3fbJ 
l'UO 
1!C'i& 
""/05 
/o"se 
/oes~ 
5C52 
0;:366 
5/oQl 
'inlt 
5"'S3 
&IISS 
fIllIo;; 
6310/0 
6/o"J 
Mi61 
66100 
67'" 
67'U 
6qH 
6qt.1 
7011 
1061 
lU7 
11&7 
72117 
TABLE 01-62 
U63-1oT. TU~~vIlU 
UM5Tf~'£:ti 
"' •• 11 IC 11.:;6"== h'~~'ilCnl 
51.H "PI SQRTI"'I 51.97 
UD ~J~ 
7261 CYCLES 1C'.a salllllNI' 
H"/gn~tl&I/OEL '~A'heLE "p2E~&An~~ES'S l~!E;3iHh., 
.2'i30[-02 .9%1[-0" la.11 11,03 
.1"'HE-II~ ,5'103[-010 ZO./o3 U.S'i 
.UII'IE-IiZ .71o36E-Oit <!l.ZO 1'1.n 
,UME-DZ .~'iD7E-II" 21.'16 1'1.'1'1 
,26\1[-02 .tOJlE-03 lZ.fllI 20.75 
.3111£-~,! .lUTE-OJ 23.73 U.60 
.ZulU-IIl .tOS'5E-fU 210.62 ZZ.ltl 
.3J'C1£-Gl .11057[-03 2!;' '" 230111' 
• ]3<'>2[-02 ,1]20E-OJ 26.0l 2).61 
.IoIoHE-02 ,11IoS[-03 U .. 61 2".21 
.6"IoSE-O" '''''''0[-03 21.]0; 21t,1I9 
.JI106[-02 .15110£-0] 211.02 2";;,0;:11 
.5617£-02 ,22t~(-O] 2'1.IS 26.53 
,60/02[-112 ,231'1(-03 30.39 21.U. 
.Sq01E-~2 .ZJ2lE-Cl H.101 2~.61t 
.'lMZE-02 .381<'E-0] 32.53 2'1.60 
.113' .. E-02 .3J05E-03 33.60 311.0;1 
.10<''1E-1i1 .1o~50(-aJ 310.6'1 31051 
.111106£-111 .10116E-03 30;;.112 32.60 
.111<)[-01 .1o"OU-OJ ,6.91 H.61o 
o1UU-Gt .o;;18'lE-03 n.l11 310.61 
.110<;1£.(>1 .00011"E-II] 31)."0 3S.6ft 
.1<;6<'['~1 .6IS0(-03 /00."& 36.610 
• Z2>:;1;[-0 I .8811IoE-03 101.]'1 31.61 
.1610;[-&1 .63611E-U '0".1010 311.62 
.2<;DZ[-IlI· • '1!1S<'E-O 3 "'.ll 39,"2 
.ZII",8£-01 .UZ'IE-02 1010. 7~ IID.'S 
• nn[-lIt .1100E-02 ,,6./oZ 10<'. Zit 
.22116£-01 .'1000(-0] ",. <''I "'.03 
.6bOlol-OI .<'601I£-IIZ loa.611 10".111 
.HOZE-Ot .11011£-02 50.2'i '0>:;.73 
.1Ij'.H,E-Ol .1~aOE-a~ 1j1. ]0; '06.7] 
.1I!90£-0l .3500£-02 S].ta -'ta.l" 
0-58 
MDC Ell53 
October 1974 
1 1 
1 
I j 
J 
I 
i 
1 
1 l 
1 
I 
" , 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. EAST 
"'. 
tIl 
t 
! t 
Ii II 
! 8 
t I I 
.~ 
! 
• 
• I 
~ 
• II 
I 
J 
I 
'C 
• 
: 
• .. 
(a) Longitudinal 
RVERAGE ST~ESS INTENSITf ~RNGE AK. KSI SORT IINI 
~ H ? H ~O· ? ~ H n n ,to' ? r ~ • 
-w!;!1 
---' w 
• 
•• 
>- 1 , w 
J 
' . 
'"'. 
·1 • 
Eo. 
• ~ z 
.. 
~-
• 
cr· <I~ 
'" 
~ 
~ 
1 
.... 
a: 
I 
0::_ 
:>::0 0 
.... -
• 3: 
.. 
en ., 
., 
II: <0 
'" ,.. 
"'" I Wo a:_ a:: u 
'" 15r~CL ~'J 0::' .... 0 
>-
TE~EAATUAE 110 
'. '~.:£" 
cr 
• o 
5 [;789'}0' 2 3 ~ ~6189~O" 2 3 , 
AvERRGE STqE"S IMEN5lTf RRNGE 6~. ~P'l SCR' ·.~I 
._-_._-----
o 
.... 
-' w 
>-ow 
-, 
z 
b z ~Q 
a: 
<I 
'" ..... Oa: 
~cr 
:>:: 
.... 
~ 
.cr 
0'" 
'" w a: 
cr 
w 
. '" ~'" 
- cr 
o 
a:: 
.... 
> 
cr 
• 
(b) Transverse 
RvERAGE ST~ES5 INTENSITr qANGEAK. KSI SQRT(INI 
~ W ~ ??? ,10 1 ? ~ ~ ~ ~ ? ~? ~O~ ? ~ 
• 
o 
w~ 
~. 
w , 
~'b 
..,., 
z 
Q-cr <1~ 
'" i~ 
:>::0 
~-:r, 
II: 
'" 
"'-w' 
a: 0 cr~ 
'..J . 
'" 
'" a:. cr . 
",,0 
>~ cr . 
• o 
• I , 
,; ;, 
•• ,. 
• 
5.t181lL TEP1PfRRIUflE "I 
.. 
'" 
I Pd·~-''''' 1 
5678910' ;- j ';-'678910' 2 3' 
AVERRGE ST~E"S IMENSITr RRNGE 601. ~PQ SuAT I~I 
• 
1'-0 
'" -'w 
',- >-
~~ 
r.: z ~~~ 
a: 
<1 
~ ~ Oa: -II: 
:>:: 
.... 
3: 
~~ 
a! 
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AVERAGE STIlESS I~fEN51 Tf RANGE A~. MPA SORT 1M, AVERAGE STIlESS INfE"SITf RANGE A~. MPA SuRT ''I, 
Alloy: 2024-T86l 
Thickness: 3.18 mm (.125 inch) 
Stress Ratio: .05 
Constraint: Unstiffened 
Frequency: 200 cpm 
AVERAGE CRACK GROWTH RATE AS A FUNCTION OF STRESS INTENSITY 
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FRACTIIIE MECHANICS DATA FOR 
ZGZ4-TI&1 AIID Z124-T151 
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SECTION 03 - - FLAW GROWTH RATE DATA 
FOR 6.35 mm (.250 INCH) THICK 2024-T861 
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FRACTURE MECHANICS DATA FOR 
2024-TI61 AND 2124-T851 
FINAL REPORT 
TABLE D3-1. SUMMARY OF SPECIMEN TEST CONDITIONS FOR 
200 CPM TESTS OF 6.35 mm (.250 INCH) THICK 2024-T861 
Test 
Temperature (OK) 
298 (Argon) 
298 (Wet Ai r) 
422 
450 
478 
Stress 
Ratio 
.05 
.05 
.50 
.05 
.05 
.05 
.05 
Test 
Direction 
L 
T 
L 
T 
L 
L 
T 
L 
T 
L 
T 
L 
T 
0-126 
Soecimen 
I. D. 
250-1LIl 
250-2L1 
250-H3 
250-2T4 
250-4L3 
250-3L1 
250-211 
250-2T9 
250-2T5 
250-3L9 
250-3L3 
2Sfl-1L3 
250-2L2 
250-2T11 
250-H9 
250-3T2 
250-1 L1 
250-4L2 
250-HS 
250-3L13 
2Sfl-3L5 
250-412 
250-4T3 
2 'in-3L 11 
2: 0-1T7 
Oata Table 
No. 
03-2 
D3-1 
03- A 
03-5 
D3-6 
03-7 
03-R 
03-9 
03-10 
fl3-11 
03-12 
113-11 
01-14 
01-15 
[13-1fi 
111-17 
03-1R 
01-19 
fJ122rJ 
03-"1 
01-22 
03-1'3 
D3-~4 
01-~5 
03-21'\ 
MDC EI153 
Oclollel1974 
Fiqw'e 
~Io. 
D'-l(rl} 
Iil-1(a} 
01-1 (b) 
01-1 (b) 
01-?(a) 
03-?(a} 
113·?(b) 
03-?(h) 
D3-2(11) 
0,-1 
111-4(a} 
D3-4(il } 
111-4(il) 
113-4 (b) 
D'l-Il(b) 
111-4(11) 
03-5(a} 
D3-5(a} 
D'H(b) 
D,-5(il} 
03-S(a) 
03-5(b) 
rn-s (h) 
D1-5(a) 
D1-S(h) 
, 
.1 i I , 
.1 ] 
l 1 
~ 
1 
" ;) j 
1 
~ j 
.~ 
i 
;j 
i1 I . 
FRACTURE MECHANICS DATA FOR 
2t!!4-T.l AIIO 2124-T151 
ell,r.1C I.E"G'" 
1'11'1 '''' It." ,110" 
11.10110 ,H: 
.on ,IoH 
h.I!G .1019 U.'_ ,Io'it 
~r.17 .10111 
l;J.te .r.lJ 
110, ,t, ,1;511 
1;, t~ 
."'Ie 
lfo.7r. ,"21 
H.,lot 
,"'" 
16.11' .fl,.. 
I?U .t.Ilt. 
UI.n .7;?Z 
1"."10 .,,,, 
U.U .'IU 
'l,U .AU 
!!."1 .'I&! 
u.r-, 
.A,' 
1(1"'-, 
CIIIlr.. U"IGrM 
"It I"I 3.11, .n .. 
10.1'1' .tU 
OJ,tt ,~Ofj 
15,11; ."~II 
0;;.'11& .11'5 
6,1'1' .Z'l 
1 • ..., .JH 
'.~'I' ,", 
'1.'51 .3110. 
, !l.ll ./tIl'5 
, 1 ... 13 • 'in; 
, U •• 2 
.61' 
, 16." .61'5 
, l'.lIt .'lI! 
FINAL REPORT 
TAStE 03-2 
"1t/2~~lt 1,& "DEL 1'~'hcLE CYC::LC't 
t 
'" 
• .,n"c-c:J • 1767["1110 
U'>" 
.1l1)f-tt ,"7~6£.~" 
taZIt .UIl7f·~l ,10671£-011 
Ultlt .1I!''If-lil 
.?l't1E-r)1o 
ll!l'1 
.:IIOj;r-cz • unf-t' 
t1U ... ""r-tt .U7<lE-'P 
!'UI! 
.11t'lIf-:Z .UMf .. ~'-
:saltZ 
.t"l:r-~1 ,IIiSt lC-D J 
!1-;1 '.''''''E-It ,"""5£-.1' 
31'4 
.177u-a .70'l'l[-U 
un .1"'1F"~1 ,'>1110£-113 
ltH 
.U4,[-01 ."S'lE"~l 
l!lf 
.11ll~r·Ot .111"[-lIl 
3211 .:u.zr-u 
.12I1S(- , 
n,s ~"'i":["~1 .t1A1£.'~ 
lll'i ,"IIUf-" .?>i"iDE .. OZ 
•• un-a .!I"£-t2: 
!!!, 
lUor 
.t'5U[*g( .1I;14)[-Ol 
TABLE 03-3 
CYC1£l MM/anlt'·'/OEL tU'hCLE 
.U"E-U • 1f:Ij'E"~" ~lJ 
."un-tllt ,2un· .. ,z 
U1" 
.211 ... r-11 .tOI2E-'l 
Ul'l 
.HHt-at .,,"'1'[-010 
.,.,, 
.l't"r-u .... nn .. 1Il 
un 
.6U'E-Q ~ 
.1'5"'[-" "I~ • 716'1!I(-0l 
lU' 
.U'If-U 
,ht .'UIE-" .u"r .. n 
.UU[fU .... UE-OZ 
Ul1 
.1'I'1U*'t .fOU(-02 
til' 
.'ial£fIC .zUOE-ct 
..... 
."'5UtU .znu-u 
"" .1" .. un .6ao,r .. ct tU" 
D-127 
•• i'I!IIm'" 1~I'mm .. 
llt.n 17.51! 
1'1,1'11' 11l. :11 
ze.lla 1",,'10 
21.:' 111. It 
21. It., 1'1.11 
n.n l:.~t 
i!'! •• ' It.n 
2 ... 211 Z!.U 
ZS.U Z!." 
2">,11';1 H.Z2 
20; ... " 23.n 
Z'-.!II Zloo :1 
It..fllt Zlo.~l 
?'I'.'I" l'S.U 
lA.Oj'i Z5.'IA 
ZII.l1 1".'IA 
2:'I.'I'~ Z'.;~ 
10.,0; ll.n 
"fti£~Un~'r'iS ~;l!;a~nlN. 
11,1' P. ~5 
U.1t t ..... 1It 
Zl.U n.n 
Zt.A! Ho" 
~Z."l 2~. '" 
ZIo.1'l 11.ll 
2:'h"" U.lt 
Z'I'.tt 21o,H 
Z'.~I 11,11 
sr •• , n .... 
111." JI.n 
n •• ' !S.l~ 
31.12 Slo.n 
IDCElI53 
0ctaIIIr 1974 
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FRACTURE MECHANICS DATA FOR 
Nt4-TI&l AM) 2124-TISI 
ICC"." 
C.e. UMGI= 
I •• , • U 
•••• .Ut 
'.n .n! 
e,ltZ 
.HZ 
•• n. 
.1" 
,." .1" 1D.n .ut 
"loU . .,n 
11.;111 ... ,. 
11.16 • 1Ii" 
.U ... ,II", 
n.u • "Il 
n.n .Ul 
11:1.11 ,15]' 
l'P,I!" .r,~ t 
11,9. ., .. 
ZC.76 
.1117 
H.2'S .'151 
::,.1 ,All! 
25 •• , 1.~~" 
.. ,10 
.1",4 
';' 311 .~ :. 
5. 4, 
.2llJ 
r.n 
.i'II' 
q.n 
.!n 
lG. ", .107. 
C'fCL£t 
"'7 
"'It UtO 
39-' 
'''1 
.. nl 
It, .. 
UU 
... ,,, . 
.." .. 
... ~ It". 
... 17 
.'.9 
1Io!i" 
.4", 
."~I 
1o!I't't 
"1iII~ 
CYClE" 
• 
'" un
2111" 
21~1I 
21." 
21101 
'"C""""".',','"."_c_,,,,~,~~,.,,kl '~''1''l 
FINAL REPORT 
TABLE D3-4 
J!I'!I~1 " ; 
.. ':1'.='1 It" "N n 
II," ... "0Il1." "" ... ".&!Ibtn 
.. ,Hm""o"'I4'h ... .. ru'm!"" m',mn., 
•• un-u 
.""r"'1t 1S." n.~1 
,,,,,.I-n 
.UiNE-" 1i.lllt H." 
.1I1,.,-n .,'Ut.,,. 
".11' 1'I •• G 
."'lIr·u .unE-" 11." 16.r. 
.ltllU·U 
.uz""" 1'.~ 11'.ZI 
• "lttr-u 'U'~r:·1J '''.,' "'.11 
.,utt-az .27 .. ( .. n le,lf '4.1t' 
..... II: .. D2 ,U"-£"15 !l.ll 11,1' 
• lIlIr·l 1 .usn-u I'r.n z:.tt 
.10611£ .. ". .ur~l:-u Zl.tl Zlo'" 
.1IU(-OZ . .1'1"2(-11 n." Zl.~1I 
.... ,,·Pt 
.11t'":-11 ,10.'1 l2.1t1 
.ruu.u 
."IIDE-It 1 ... '111 Z~. '3 
,II""'UII[ .unt: .. Cl 211.'~ 23,28 
.,,".t:tH .lnn"~1 ,n.,," 2 •• 2'5 
.'t"iftll(; , ~"~"(.Ot. 2"~'t1S 1!'S."l 
.nUhg! 
... nE .. U 
.!II, " 2f>.t't 
.U"'2hlll .IoUISt .. U n.n r~. 7Z 
.H'II'Et~l ,121Ut'~ St.11J 211, ,a 
TABLE D3-5 
"",8~ur CA"OU Tt~'~'fel[ " .. ~(UUU:F~S I;F;UJH,n 
,lJ21:f-1I1 ,*Z.~l£-h lll.'" l'h"" 
• uu,·u .U"t: .. II .. f.".f,1 1',·" 
.l~z'r"1i2 .l""'[_QII 2t.fU: 14.'1) 
.1U"f·U .1iII~7E·3 ! 12"l! lhll-l 
,"~1'5-r"H ,lJM(·II~ "",17 U.". 
.101I'''UtOt • ,,,Io<;r .. la ~".'~ 24.15 
D-128 
IIIC ElISS 
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FRACTURE MECIlAIIICS DATA FOR 
2OZ4-TI&I AIID 2124-TISI 
" 
, 
, 
, 
, 
, 
'.ll 
1~. iP.2: 
11.(11 
".lo. 
! 2.1" 
12. ~ .. 
13. U' 
13. .,,, 
.. ,1,1 
l~.t!! 
1 !>.IICI 
Ih.lof. 
t 1.1'1 
17.~ .. 
1II,Z1 
18.91 
!: .'10; 
Zl.n 
l ..... ., 
!6.12' 
n.l£> 
~'1.iil 
J ... Io' 
JZ. :010 
JIo,h 
11 ..... 10 
lll.fl 
.... 27 
1o!.C', 
IoJ., .. 
.. S."" 
10'.10:; 
4".1011. 
.'i.f-' 
"' 'oll! 
,11,10<' 
1" .::2 
u.,,> 
"10,17 
"n.'2 
.. ~ • .11 
,~. 'Io 
71.7Q 
, ... "1 
'~.Q'I 
"1.101 
43.31 
.313 
,ioU 
... ,. 
• ... 2 
,,,,, 
, .. ,. 
.511 
.5U 
,0;'7 
.fI', 
,I.2l 
.(. ... 
t"" 
."'l 
"n 
.1 .... 
,lin 
,117 .. 
,""5 
I. ~l! 
t.~ 11 
1,t1l2 
t.",J 
to!') 
I. ~"I 
1.10 tIS 
1.!>:>1 
1 ... ·/1' 
1.f,'1~ 
t.7 JO 
1.1 :S 
t.ft~! 
1.'111" 
~.t't~ 
1.;>11;1\ 
t. 1;" 
~. 17 .. 
Z."lj 
2.I;'1C 
l.U' 
?J.q, 
l.'I\'!i 
2.~~o; 
l,QJ'I 
1.11 : 
l.-~n 
.oml 
!'lIU 
zn .. !i 
1I!i" 
nil" 
l!iOlli' 
36'711 
191'~ 
1I1Z!1 
Ut'52 
''5191 
10'1&' 
ioU:' 
~IIU' 
Ullh 
0:;2l1li1 
'52'169 
'5"n] 
'Sfl&" 
S1U211 
'5I~&l 
'5'110"" 
f~t"~ 
fUJI! 
fit'!"" 
HIo'" 
11,166' 
(,1"" 
61'"'' 
f.21~'S 
~;1'iq6 
6l2Y! 
~2!1oJ 
tH" 
' .. ',,, 
HO::H 
fl-'" 
Hsn 
fH,' 
f2!bt 
Io2'!!'" 
f<'~S1 
U'5f1j 
El~''1 
U'91 
~Zll"'t 
U~'1" 
~n'l~ 
Io2'!:Q,. 
FINAL REPORT 
TABLE D3-6 
...... "~l til'" tltH 
.UiSr .. ,,, 
,'''If-'' 
.'Sun-,.. 
.uUf-U 
oZHD£-U 
.n.u-u 
.n.n .. n 
.z,n'-1I3 
.Z7'5J'-U 
.H'Uf-n 
.l'J11E-0l 
...... ,.'·a 
.uur"IIJ 
.!" .. r·el 
.1ir1~f·G:S 
• UIllt£-r.3 
.U20£-rz 
.1I]1I'1(.Q :s 
.11611(·.2 
,22!U·~2 
.USIE·IIZ 
.2nl[ .. ~2 
. ''''9[-U 
."!I'Ir(-J2 
.U1U·OZ 
."lIllt-,a 
,~1I1!E·a 
.I'ZU-ut 
.Ul'lr-~l 
.Z'6U"Cl 
o 2~zr[-: 1 
• Z177[-Ol 
• Io!lM£-t 1 
,'ifSn .. a 
."2!1'!ir-~1 
.'i71~[·.1 
.l·t~ft~~ 
.t3l"lFo'!t" 
,IHar.e, 
.20""[ I~' 
.H7'j[,~~ 
,f,~ llr.:, 
• t"z:rt~:. 
.1U.i£.e:-
• 111"tEt, 1 
.2lt1)(-:1 
.U;'Sf .~t 
.z"ur'~1 
0-129 
.1S22["U 
.1 .. n·" 
.2IIU£-11t 
.11"'''-01 
.11110[ .. '" 
.UZU .. \l1o 
•• :Slu: .. n 
.1102E ..... 
.14I1U .. Ilt 
.19'5'(·1" 
.t56U"'h 
.I'"E"'~' 
.uan ..... 
.\O"E"'II" 
.U"flt-1I1o 
.USllt ..... 
."101')£-'10 
• HU[-Olt 
... nlt-Ott 
.~lIlC(·O" 
.4"'''(·11'' 
.'i1.1"r .. 010 
,1 .. 11(-' ! 
.1IIt::f"U 
• t'I'I7( .. u 
,'''11·(''01 
,"Z.,lIf-31 
.1i1~2E-:ll 
,"371o£ .. U 
,'H1ot-1l 
.'i'ilt7E-H 
.1~'i][-1I1 
.17"7£-111 
.UI'iE";" 
.!Z~IJt-ot 
.no;)£-,l 
.1'!iOn-H 
.... 41~IIE .. O? 
."UHE-a! 
.IUlit-U 
.1l~j[-t1 
.1310;£ .. : 1 
.": ':£"111 
• .~Il~f-~l 
.7~o;1E-~1 
.""Gar .. ;, 
.n)~f·O 
.1l1l:r"J 
Ludtl3im 
,t:I''= hl!1 ;in 
...... !I·t!!fMn 
n.n 
n.6' 
U.O • 
U.101I 
Uolt 
1".i6 
lit .... 
11 .. ", 
tIS. It 
1'5.41' 
1'5.'10 
t'." 
1f •• 55 
1f •• fll 
17. t~ 
11.1t] 
11.&1 
111.11" 
1'1.6" 
;>e.'5~ 
11.U 
11. " 
~l,n 
n.:l 
"'.~1 
~ .. , 7r. 
lr;,.;~ 
?6,lll 
;!6,'I" 
2"1,". 
"',11'1. 
lIJ.H 
l'I.'~ 
11 ... ., 
:J1.t'i 
11,67 
.... t't. 
!'h 1 Q 
H.311 
) •• 'l-
11.7-
]1, 'I 
.,: .. : 
Iol.t: 
..... 101 
"Io.c r 
...... 1~ 
, ... ~I[ 
U,i' 
U.lli3 
-11 .. '11 
12.27 
11.,7 if." 
U.t' 
U.lol 
'11 • ., .. 
110. )I 
11o ... t 
110.'" 
1'5. ~" 
1. •• n 
u.n 
1OJ.46 
1'i.Io'5 
tJ'.t .. 
17 .117 
H.6S 
1'1.11 
11,111 
23.11 
1:.'1'1 
U.tI 
1::>.0;;3 
Z ].210 
Z'.'IZ 
Z"''5" 
1 '>,111 
.. it,,' 
t&.!t • 
17.11 
til ...... 
Ja. JI 
11. til 
n,a 
H.M 
llo.11o 
''',n 
'~'''' . 
tto": 
" . .,,, 
.. ,.~ .. 
IDCElI53 
OC*IS74 
11 
~ 
Ii,--
~-
r. , 
FRACTURE lEellAlllCS DATA FOR 
2024-TIll AIIO 2124-TI5I 
5:acIC UNGJ= 
lo"t .1t" 
5.41' .:fj6 
KI'IUJ 
'" 
~PIr:K \.£1oIr.ttt 
• to 
~ .'51 on" 
'r.31 .~&& 
'1.'1: .l'll 
1,)." .... 1 .. 
It.~. .11\5 
11,q~ ... ,,' 
!l.n ,'>ilZ 
11.Z1 ...... ~ 
13 .... ~ .c; ... 
lit. '11 ,11;/1: 
150,2" ,"H 
,o;.n .1.18 
UuH ,f;r;,O 
11'.10 _Ion 
11·.~5 • '":1 
1I.n .7U 
2".n .ltU 
<:1.1112 ."OS. 
;,n."" .'U'" 
!'S.fJC 1.~ 11 
17.21 1.t 11 
:e." l.U' 
lO .. 1. 1.111 
]2.'S2 1.2., 
Iii. ItS 1. 1,. 
16.37 1.IIll 
u.tt 1.4 .. " 
FINAL REPORT 
TABLE D3-7 
C.YClB , ItM/~nlt la"nfl tt~1hclt 
.'''26[-.: ... un-:~ 1 ~1 
TABLE D3-8 
'.ipretn.~n~lIte~: 
SIIrc}It£1t o~a~l;"ll£1: 'NY&It~" N" l~<;t £1'1 ~RAf .ItEl 
rilE .nt~N lM1C1ItPl' Mut"'lM c ; _ t 
"lrr~~ltYI CYr.'tr'S 10 lnullEI 
CYCL('1 !iii hp 1n FlllUPEI !7.tIJ !tPl -;/lP'"tJ I 
C'I'ClE. "1t/g~H: I a 'Int l tt~'t'l'r:lf , 
.... n"r-fj.' .HqU-D! 
7:M 
.1 '601f-.l •• ''''E-r'> tH't) 
.lMl[ .. ~ J .1i6~U-eo; 
1"'1';' 
.zzr..r-,i3 .fI.ll!-t.!; 
117 )1 
• 171Qf-Ol ."11''''_00; 
nllil 
."!P1£-"" ,"".[-t! Z·'ll1i 
• .nHr .. ~ .. .UIoU-JIo 
It!'l~ 
• J]ilsr-~3 .lltfit"3" 
n~n 
.1,"If-O! .t11n·, .. 
!U'l 
.HlIlf·o:s. .111il1F-Oio 
nUl 
.'.Uf-Dl • t!t \[-010 IfI-'" .I'U1f-;3 
!~"6J 
.H~1f-"io 
_fIlqu",n .U .. U-lio 
J"'2 
• ' .... '[ .. Oil 
!1'~o;l 
,'IOU-US 
~17'lIIr .. U .1061[-'10 
ut!"~ 
.'26?f-Dl •• 2'10;[-"10 
ilnlll 
."un-, .. .1'511£-02 
IoUSl 
.Half-li!' .1111£ .. 0. ... Iourlt 
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Thickness: 6.35 mm (.250 inch) 
Stress Ratfo: .05 
Constraint: Unstiffened 
Frequency: 200 cpn 
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SECTION D4 - - FLAW GROWTH RATE DATA 
FOR 6.35 mm (.250 INCH) THICK 2024-T861 
AND 2124-T851 (CYCLIC FREQUENCY: 20 CPM) 
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TABLE 04-1. SUMMARY OF SPECIMEN TEST CONDITIONS FOR 20 CPM TESTS OF 6.35 mm (.250 INCH) THICK 2024-T861 AND 2124-T851 
Test 
Temperature (OK) 
298 (Argon) 
298 (Wet Air) 
450 
Stress 
Ratio 
.05 
.05 
.05 
Test 
Direction ~ 
T 2024-T861 
2124-T851 
T 2024-T861 
2124-T851 
T 2024-T861 
2124-T851 
0-150 
Specimen Data 
1.0. Table No. 
250-4T6 04-' 
250-3T4 04-3 
2T7-253-3 04-4 
3T3-256-2 O4-E 
lT4-259-3 04-6 
250-1T12 04-7 
250-1T11 O4-R 
250-lTR 04-9 
3T5-253-2 04-10 
5T2-256-2 04-11 
2T6-259-2 04-12 
250-1T1 04-13 
250-2T2 04-14 
250-2T6 04-15 
2T4-253-1 04-16 
1T6-256-3 04-17 
5T5-259-1 04-18 
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."'" U.36 .101oJ' 
non: .• ,1 
IS. tit ,t:l' 
1l.U 
.t:.311 
140.1"- .~'" 
h.U, ,1i77 
1';.11 
.1;"" 
15 •• t 
."2'] 
lr..r., 
."",f; 
11.215: 
. "'" 1I.tl .'~" 1'10 til 
.'5: 
23.35 
."ltt 
z:.u ,Ill' 
c'aclI' UfIIGtH 
MM IfII J.2'. ,up 
l.n .11. 
l.19 .1" 
CYCLE'S 
1 
SUz 
U'lll 
t ""1 
nUl 
tUU 
1112'1 
lGue 
fur4 
U"" 
2'''''' 
l'in~ .. 
2611011 
"'!In 
zuu 
2'lr'll 
CYCL£r 
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TABLE 04-2 
.U21'-U .1;11E-C", 
.uur-c] tUnE-eli 
.unr-u ."U1E ... ,,, 
.l~l1r .. n .t..~"t.-". 
... nu-o;s 
.16"2[-111 
.U"5f-;~ .1t'''f:''~'' 
,2'1'5["03 .UD'!I[oh 
• "'8'1f"~ l .11 •• 2£ .. ,. 
..... u-:'!' .1"41[-,,, 
.os",,,_g! 
.lllJ1!· ... 
.6UIE-1:1 .1",.(-0. 
• '.iUlF-1I " .tun-Ilt 
.UIIIU .. U 
.t7t'fE-h 
..... n:-u 
.3.Ul ••• 
• 11II .... n 
.15"r"III • 
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.... ,snll'·"on'U'!.,cu 
.... J'E·U .1"'7[-0" 
D-151 
U •• , It,,. 
11,l' Hoiol 
1:'1.'" 11.\1 
''',110 1·,117 
,'.li7 , l.~' 
lCo.lIft 1 ',''is 
n.t~ SI.n 
1t.:fIt '''fa 1S.,,: 111.1'1 
n.n iII.n 
If.l'' I", 'Ii! 
1".1I( H.lIJ 
17.;r~ li,U. 
17.74 
"It." 
11.2: n.~. 
",~I\"lU:fSS IrI"nnH.n 1...... 1".71 
n .. ,. n.'1! 
":E1lsa 
Ik*rlt74 
ORIGINAL PAGE IS 
OF POOR QUALIlY. 
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TABLE D4-4 
"i!JEC ':E N n "'J~j~t; 
'lP(CIK["I el!~~"'u I'IJII E~v~ib:C :u 
lEST lEMP1IIUUClEI '!PECt!4E" hI il{NUr "Allt"U"Ii';~:H : 
FFlc;!'lU£.-CVI 
ZT?_l'il_l 
T'U~ii1:~t 1I>1"iflFF'N~ ~ r. N 
'C~.10 It 
tlo~:~f,,,~~ \~~:~~I(§l\ 
20 l:jj~ 
IIC"UI t C'l'CLE~C;il6~ l& Hn~~B iSlo.2:.' ",I" !'illln CI"II .... 1.10 ~slfo~a"iiHiH 
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11.21 ,Ioltt ... 
11.~' ... 1;' 
'" 
.ZIl1';[ .. G2 ,.,UE .. OIo 215,/0'1 2~.11o 
u.cn ,'iJq .n 
,O;fo1Ef-CZ .0!11j6[ .. ~~ ~&.11 lit. ;~ 
!l.h .su '?!! 
.lot7.'lf-~t .ultt;(·n H.i'S Zit, ~D 
,J.'l''''''''z ,e:S11i[-iI J 27.1I'i 25. jl5 
11o,tO ,0;"" tHO; 
tlo.f.~ ,0;111; U'il 
.flIoEoIjE-: .. ,nlti5E.\il ZII ... , 2O;.~10 
.qCQ~£"~2 ,l15IoU"C5 n.n 2~, ~" 
15.1& ."'2'1 12'11 
.12gef-U .tlli1;1"E.;:3 3t.~3 Z1.t~ 
U .. 1f1 .6'" U6~ 
.1""lt-Cl .66"IJ£-Q 1 11.31 Z~.SO 
n'.%- .7ot 1"" 
.Z"11[-U .UIO£-il2 n.lO:; 2.,.25 
U.S" .711 1_'51 
• 21.21 ."'~ 111'111 
.IjIlHE-G~ .2:,t1£-IIZ 13.6~ ll.o;l 
.2222[·U .111'511£_01 1':;'111 h,,,1 
F l2.1iI · .. "0 1'!1I .1191f-~1 .zaUt_Ol lE .... ~ '''.15 
F 210.26 .<\'So:; 1'!i&. 
, 2<:'.1'1 ''''I, In. .!"r.U-U .1167t-D2 37.611 
310.2'1 
.0001l.U-C" ,!!lilE-lliP: 11,51 l1i. :ft 
F 26.n 1.~ " HU 
27.ftl 1.~ 8J lf1U 
.76iP:~£-Cl .1OOlE-lIiP: 3","~ ]5.18 
• 3z.n 1.?"Q 1667 
.111o'S[·ac ."."£-02 IIl.6ft 37."1 
,"2UUO~ ,U61E-1t Ill •• " 1'1."" , n.n 1.5111 U71 
.5,..2' 1.1', 1HZ .,~U(oOC .!!lODE-1t 1I1t.7Ij 1,.3.13 
F n.'" 1. Io U. u, .. 
.12"(000 .32'10£-11 U.7IJI Iot.S] 
F J7.72 1.101'1 un 
.177'1£001 .'Oon-01 ",.02 112." 
, lIo.n 1"'0 1176 
.z,,'UDt .1C"GUI' 11'.66 _".2'1 
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.Z." 1."'ft U17 ."IIOftU ,1010£+" '0.'4 116.~3 
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If('lUI n.72 "Pi "IQlI:tt")I 
C,.I:IC LE~r,ft.I 
" 
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~2."1 .0; lit 
'" 11.'1' .o;lo~ 
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12.96 .'H; 
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.U'Z!'''''' 
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~S.'7 1t1, 'flo 
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t,n .zn 
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b.U .~u 
I',.II~ .z'~ 
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11030\ • ~1~ 
".ta ,]1)' 
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1~.f.7 .IoZt 
11.Z7 ,101010 
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1;: ... 11 , .. ,0; 
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CYC\.t5 , 
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71015 ~ 
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.U41[-tt , .. '1"[-3,. 
.l216[-LZ .Ioar.'l[-Jit 
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TABLE D4-9 
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1 e.l? 11.:ft 
lQ.1011 17.n 
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TABLE 04-10 
l""lq 
-" 
• IIi;! I 
•• .. 1,. :1 t.l·~ tI_ t l~i"I"i 1_ .~ .~". ,.e. II 1 
" 'I i' ~~" 
""'''' 
, ... u "". SQIUt"" .. 't.'I' lI~t la. ,iN.i 
CIt'Ck LfMGTa CYCLE! ItfI,SUZ: C"/OU 't~7&.,Cl.E •• i'\l:I1W" m'wllm .. 
.,:"" .1'2 • • t!tu-n • UnE· ... 211." • 11." 
1.~.1;:S ,ltU ... 
.',.,[ .. u .ZI.lr ... , , ... It zt.~ 
U.S. .U~ .., 
... '1'1[ .. 13 ZI." U." .U1tf-12 
u.u • 11'1 " . 
.on'lU'"!l2 .21221:-., ,,,.,, ZII.t.r 
13.n .lil6 
'" .11136(·12 • lO.n-u 21.' • n.zo l!1.a .". . .. 
.ruu-u .28"3£-D3 U.Ai 2'.~" 110,,,, 
."" 
lIU 
• Ul"£"U .,. .. 121£·111 2 •• 33 2"." 
1'S.61f .616 t117' 
.120lE",U ... "n-n lI.U 21.12 
16.31 .f<U Ul~ 
.6!'n-U .Z".U-Ql to,ISS 21," 
16.70 .6'7 un 
.'I'071o["U .1161£-03 u.u Zll.~ 
11.'51 ., .. HU 
.1CltU-Dl ,lonO£-t3 n.n: ZI ... '1 
uon .1, .. 121& 
.l!UItE-U .lDOIE-'! 32'.l6 n."" 1I.fI" .1"Z ill'" .1Z6o;£·U ..... u-u n.lle 33.'!1 n." ,1611 U6' 
.17'''f-'' ."'2'E-~J ll,n H~" ZO .... .~f)" un 
.. "t1f·C1 oH.n-;! n." :Hi';! 
Zi.65 ,.52 tI,,. 
.111on-tl1 .IUlE-1IZ ";'''6 n.u i!<'.n ."lQ ,"'It 
.5 .... ~t·Ol .tUI;£-iIZ 16.7'1 n .... 
Z ... 37 .'IS. 115.1' .II511£-~1 .UOtf-At n.1U ' ..... 1 
zo;.:tft ....... t'ilol 
.r;nu-u .zz .. at"Ot 110'" n.z .. ~6.5' 1.t ... 1-6Z 
.126"EtOG ,II.'U-Il n •• ~ 16.011 
:H.Sft 1.;:86 so;,73 
.ll"r.t-Ol 100.15C :S6.''''' ,,'''''r-a !1I.1Ir; t.t J" t1!l1l 
.1UntO' ."11'1[_;Z "t.5" U.IIZ 
lG.31 l.t l" nll'l 
.UOO§[-Cl .. z.n :u.U 
.u"£tGe 
U.CI" t.ru ifU 
.o;16Z[tOC .Zl!6I1t .. U ..... u, "G.tO '~.1Z l"'ZI Uil" 
.zflCUta .I02'J[-U "I.U "l. '16 S ... Sl t.JIU tf ;? IIOS.13 lot. 'G ."'~~[tOG .Uo;l[-ot lS.'IZ 1,"1" 1613 
.''' .. 'JhOC. • 11\0£-01 ........ .. Z.U 11.,,0; I ... '" tflU .... lll 
"'.1" ,nnrtOo .28111r-'lt VI.fl ,.11.11" '''I OJ 
.n7'tr-u .. C.."2 "II.~' .:!'OZ(t~l 
.. ~ .111 I. ,~~ 11;17 
TABLE 04-11 
, .. 
CIIICII u",r;ttl IIII,HiU: ClI'DE . t!~'hCl£ "p7E~~~n~1£'i" ~~I[;~'n~ .. , 
'" 
.. CYCLE'! 
3.1;1 ~13'J I oUZ~E-Dl ."OtllE-g .. u.~t 20.81j 1o.3t ,l11:1 
'" 
.211111(-C7 .1lI""E~O! lS.61o 21.n 
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t TABLE 05-1. SUMMARY OF SPECIMEN TEST CONDITIONS FOR 200 CPM TESTS OF 
6.35 mm (.250 INCH) THICK 2124-T851 
\' 
Test 
Temperature Stl'ltSS Test Specimen Data Table Figure (OK) Ratio Direction I.D. No. No. 
144 (N2) .05 L 2L2-256-1 05-2 05-l(a l 3L2-259-2 05-3 05-1(d 
T 2T3-256-1 05-4 05-1fbl 2Tl-259-1 05-5 05-1 b 
.50 L 3L1-253-1 05-6 05-2 (a l 
2L1-256-3 05-7 05-21a 3L2-259-3 05-8 05-2 a) 
T 2T1-259-3 05-9 05-2(b) ~ 
1T6-256-2 05-10 05-2(b) I 
lTl-253-3 OS-ll OS-2 (b) 1 
298 (Argon) .05 L 3Ll-253-3 05-12 05-3(al 1 1L2-256-1 05-13 05-3(a, 3L7-259-1 05-14 05-3(a) 
2T4-253-2 05-15 05-3[b~ I ' T 1T8-256-1 05-16 05-3 b 2T4-259-3 05-17 OS-3(b) 
.50 L 1Ll-253-3 OS-18 OS-4(a) 
Ij 2L3-256-3 05-19 05-4(a) 1L3-259-1 05-20 OS-4(a) I ' 
T 3T5-253-4 05-21 05-4(b) !~ 3T3-2S6-3 OS-22 05-4 (b) 
3T8-259-1 OS-23 D5-4 (b) 
i 298 (Wet Air) .05 L 2L2-253-4 05-24 OS-3(al J 3L3-256-1 05-25 05-3(a 1L3-259-2 05-26 05-3(a) ~ 
T 3T5-253-3 05-27 05-3(b) I 5T5-259-2 05-28 OS-3(b) 
.50 L 3Ll-253-2 OS-29 05-4(a) " 
ll2-256-2 05-30 OS-4(a) 
5L5-259-2 05-31 05-4(a) 
T 2T7-253-1 05-32 OS-4(b) 
ST2-256-1 05-33 OS-4(b) 
1T8-2S6-3 OS-34 DS-4(b) 
1T4-259-1 05-35 OS-4(b) 
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Test 
Temperature (OK) 
422 
450 
478 
Stress 
Ratio 
.05 
.05 
.50 
.05 
FINAL REPORT 
TABLE 05-1-
Test 
Direction 
L 
T 
L 
T 
L 
T 
L 
T 
(CONTINUED) 
Specimen 
I. o. 
1Ll-253-1 
3T5-253-1 
2L2-253-2 
3L3-256-2 
4L3-259-2 
2T4-253-3 
3T3-2S6-1 
2T6-2S9-1 
2L3-256-2 
4L3-2S9-~ 
2T3-256-3 
2Tl-259-2 
1 Ll-253-4 
2T4-2S3-4 
0··16S 
-.. -----.-~"" . 
Data Table lio. __ 
05-36 
05-37 
05-38 
05-39 
05-40 
OS-41 
05-42 
OS·43 
05-44 
OS-45 
OS-46 
OS-47 
05-48 
05-49 
IIICEII53 
Oct*f"74 
Figure 
No. 
05-5{a) 
05-5{b) 
05-5{a ~ 
D5-5{a 
OS-5{a) 
OS-!;{b) 
OS-5{b) 
OS-S{b) 
OS-6{a) 
OS-6{a) 
OS-6{b) 
OS-6{b) 
OS-5{a) 
OS-5{b) 
(, 
'. 
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1 .f;lon 
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U .. ~ 
1'.'5 
20611 
22'52 
21J33 
un 
z-u 
2IJ~1 
Z'J11 
llllJ 
'0150; 
3111 
!t11 
H'l<i 
3218 
3261 
"no; 
HZo; 
Pit' 
lltll 
l"ft' 
3110;11 
l"ii~ 
31011 
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3"&~ 
'Ii." 
31t9~ 
~ .. &q 
)/0')) 
~" .. t 
11,'l! 
TABLE D5-2 
.760u-n 
.81.,E-" 
.1Uz[-aZ 
.611/:£-02 
..... 'lE·~z 
.Zflil£-U 
."CUf-az 
.'''Z1E-OZ 
,nUE"'Z 
.1~afi[-01 
.UH£-li!. 
.2!:Jn-c: 
,1'5tItE"D1 
.UUE-Cl1 
• UnE-OS 
.Z20'o£-01 
.111M£-n 
.Hl!llof-ltl 
.z:\6r-.. 1 
.'1U4[-~1 
.101r.2C-H 
• 'H'r;'i£-&l 
.1Ctr,roGO 
,ll;t"r.~t 
.211H"~ 
.',HI;£ .~~ 
.,,35,£+0;: 
.1Z:r,Et.l 
.H·r,lt·~l 
.117~r'~1 
.2'1~lr.~ 1 
_Z"21ft~1. 
• t7qH t~ ~ 
0-166 
.2'1
'
U.[-OIo 
.3216[ .. 0_ 
.SltOl£-OIo 
.nUE-OJ 
.1, .. ,,£-01 
.U"OE-DJ 
.1Iti"t .. U 
,1'IZltE-n 
.Z"'!;,OE·Ql 
.1'161E-03 
.",88£-01 
.'1U6E"U 
.'Oi'l61E-a] 
,,. .. ZlE::-ItJ 
... /tIIOE-O 3 
.A6'16£-03 
"l;fiE-3] 
.HliqE·OZ 
,l\7i'5E-~\ 
.111'S[-oi 
.lR1'5t-;Z 
.Ho;eE""~ 
,"~J~E-n 
,~: J:E-.? 
,~,,"IoE -oz 
.?~~:E-:l 
,l1j~,r-Ol 
.Io7o;"r-Cl 
.r:."~lE .. a 
.1~r,~£+;):0 
.11".[0,. 
.U"~fllI~ 
ll.'. 21.65 
2111.91'1 fl.''1 
:t!'1.U 2",,, 
n.lIa !Ii.n 
11.36 21.'" 
n-.t1 :SO.U. 
llt.31 U.21-
J'!i.'U lZ.6I 
11.~~ ,It. 1"1> 
18.M 35.2~ 
:sq,?? 3".1" 
Iot.al! ]1.l~ 
.,:.o;u :u.ft1 
101'1.11 39 •• ' 
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..... '0; .loU 
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FRACTURE MECHANICS DATA FOR 
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TABLE DS-3 
SP[CII'U IIU"'UI 
,.ret", ,11\2lamU 
"mmml 
'elf TEMPI,url' Sill MEt! ft ~."l . 
Ifntl'UM I" v' 11_' • fUQU£M I 
JLl-IS'''' 
,,,EIIMIlII 
UHS,!II!!U 
t.U' MM '·l.U·I"~ U' .6 If PI , •• $ If II 
UI a " 
KIMAI. • ,,,, .. 'IiI!! 18 IIItHllI "2.U M". StlIlT"UI IIo.Ut .stJIIIIYli~n 
S=.CW: UMtl= 
2." .U1 
;'!.at .121 
(.cut ",!lm"'lDfL'I"A,,,, .. i'\&lIm'" 1!I'!Um •• 
• 9lU!-U .36271:-110 U., • 26.11 
'" 
,1721£"02 .6111[,,110 U'.o~ n.n 
'3.')1 .1U tC'1o 
.uan-tz .UIoU-U 31.710 32.tJ 
10.11 
.iI' 1:''' .2132£-12 .U4U£-I" 31l.11t 310.7, 
'5.!' .2" 'fl" .nlon-02 .U6!1l-U ..... J'! n.n 
!.9' .215 17ta •• ",,[-02 .2117["" u.n ",'11 
II. I .. .,u 1168 
.nUE .. a2 .3S"I£-U • • 110 U." • 
1."" .J'1t 111)" 
.'IIU£-12: .uu£-n "t.,? 1010.21 
~.ltl .3131 211ft 
.tlt2E-at .'1"'£-13 n.1S IohU 
e.n .Ut. 2.112 
.11:'51£-11 .10'5&£-0,3 52.12 Itr.n 
,.!II .311 IU3 
.21tIU"" .,It"E-OJ !".u " ... n 
10.101 .... U uu 
,nIU-1t .6321[-13 n." SI.'I' 
tC." ,Ul tU1 
.U3ZE.-U .... '1 .. 13 S7.n n.!JI 
11.16 .1t,J un 
.2UtE-1t .111t11-U ,4j.It, slt.l'" 
12.3" .,",,6 
U.SIo 
.'72 
2Z53 olonn-:-U n.n 51.2 .. .1731.[-12 
Utll 
• Ioun-u .UlOE-1t u.1G ID.a • lit.,' .!5'I' 
u:.U •• n 
1I.n .611 
U.!J1Ii .ru 
2311 
.u3!Etaa ,"IoTIf."': ..,.ea (i1.11 
uu 
.,Z,I!£-11 .,.,u .. ., 19.67 63.101 
2U:'l 
.HItU." .... Ul .. 12 11.22 is.n 
Ui!G 
.2e7"CfU .U1U"U n.n ' •• e? 
211.22 .1U Ult' 
• UUEtI1 .unc .. u n.n. n .... 
2S.!J'l hilS 2U1 
TABLE DS-4 
111'11!'l ~·i!l~i 
6.'50 Mill: "l'.t 
m, •• PI h!.! • 11 
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ctuell lENGTH M",SUlt IA"OEL TU~&'1CLE MlliEUUUfES$ 1;IEwalnh.t 
"" IN CYCU:l 3." .1!2 
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•• 1111 .:60 10,,10 
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1,115 , .. 11 un 
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1.8'11 .Ht 1181 IUlU-U , .. ,tn-Ill .n.6" lo.n 
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i.1l .Ul 7." .no 
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5~.C't L~V'I~ 
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1 'I,Ii: 
11.lJ 
11 •• t 
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11. JIo 
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l~.t 1 
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... 111 
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• 'It 
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• ~J~ 
.~qS 
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hJ72 
1.1"7 
1.l~6 
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hZII " 
1.ln 
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""lIt 
1. J't1 
1.1-'Jt 
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11101'1 
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lM·IIl\ 
:n,,~ 
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2!!n'! 
?t"qft 
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UH& 
~2t 1~ 
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,uu 
n r l1 
117ft 
HO!Il? 
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1Ior~~ 
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1101 .. 1 
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at'!'! 
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~\t .. , 
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""mll"''''''I''!,m 
•• tlrf-n 
.lU.r: .. U 
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• r .... .It ... 
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,'.II"' .. U 
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.tt'""11 
TABLE D5-6 
.1HQr-U 
.Z/t!=IIE~U 
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.U"t[-('3 
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n.1I 
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,\I.U 
II.U 
n.n 
U.1f< 
11.I!C 
t .... 101 
liI.'II' 
10; .11 
t~ .10 
1".!I~ 
1&'.11 
H.1 .. 
P.lfo 
n."'" 
H.l~ l,."q 
IC.G7 
1 ~.Io 1 
tc.-n 
ll.5~ 
H.l~ 
U.~; 
1'1' ... ~ 
u,a~ 
l! • .,~ 
21o .. H 
Is.a 
z<; .r.l 
1' .• tft 
H.~" 
i'.o;'I 
1~.11 
2 ~.'I\ 
1~ .S2' 
~e.~11 
10.'1' 
H.'" 
lII.n 
1f.1I 
n.n 
lII.n 
u." 
.,., . 
lhU 
u.7'I 
t'!."''' 
thU 
11,'=2 
IJ.'n 
110. ('jj 
tlo • .,t 
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.1j~:1r·~t .?1"1r.~? Ii". '1r, 1I'I,1t1 JUJ 
.61,l£-a .?fi(,7'E.: ' "f.7' 'I. ,1 lt61 
11'" 
• 'i1Pif· .. l .1<:,II~r .. e .. 0:'.1: 'n,'!1 
• ~_'l!r·;;1 .'1"~~£·l? " •• f.~ 1;\,11 ! .. ~ • 
,Hl .. r.,C • .. ~,)~[ .. Qi! 60!.f.'" ·H.~l JU~ .UOO;U.(~ ."''Ie;r·~? 610.111' Ij~. ,~ H'Z. 
un 
,In'hGt ,1~H·f·ll M.~1 '>10 •• ~ 
!" .. '" 
.':'Jo;'u.~t •• .. 'C1·:1 Y,II.q· ,. .... 1· 
Hf' 
.tIl1Itr.:: .1lur .. a '1.1" , ... 11t 
~1ftl •• ~II;r.~C .1lHt"~1 7".t0, 6", .... , 
!?f.l 
.A'H'tU';: .nr,~[·1Il 7o;.r' "'4."",-
Sl!M 
.~l'll\fH~ 
.1Ul[-U 
'''.-' ,' .... 
U61 .1 :t .. r'~l .10:'1:£'·41 '''.{I. -Ih;j" 
:2:6'1 .?"Y6f·~1 .f)1':£-:1 n.p 1'i, ;6 
lI!:1 : .!:IoU'~l hl)a''': 41.": 11.1) 
IIDCElliS 
Dcl*lt74 
~., .. "", ... , 0'· 
t' 
!J( 
, 
"------_. 
FRACTIltE IEClMfllCS DATA FOR 
ZOU-TiU AfID ZIZ4-TI5I 
IUN"., 
C.'!;1f LEICGtH 
<!:;l .1;, 
1.111, 
.Ut 
J.It] 
.115 
S •• , 
.147 
...... 
.115 10.", .1~J 
'joll 
.ZD2 
!S.&09 
.Zt6 
5,'" .ns 
6.n 
.z4, 
1.11 oi'lO 
IoU ,HI 
'.ft • .JIt. 
'I,,,,,, 
.1111 
10.'" , .. It iG.,,. 
.ltU 
11 ... 
.It" 12,,. .... 
U.2" .J,! 
n ... ,H, 
let" • ., 
elf'CIf LE'NftI= 
'" !.u .1 .. , 
h.l 
.,'-
.... " . .,s 
'5.51 .u, Ii.'" .u .. 
1.tl 
.rlll. 
I.U 
.U6 
111.'11 .115_ 
to,H, • .1')9 
12.51 
.".5 
n.n ,51t1 
h.aJ 
.,,' 
l!I.1l 
.Il! 
n ... 
_"1 
i 7.ft' .110, .. 
u.s. 
.711 
1'1.63 • tn' 
II • ., 
.Il! 
21.n 
.191t 
21 • ..- .... 
ze ... 1 •• " 
CYCLE! 
.. 
... 
.. , 
In 
... 
'" 
'" ... 
,., 
'" 
". 
". 
... 
.u 
.n 
.. , 
. ..
... 
m 
C1CLf:f 
31ll 
6153 
1forl 
I19U 
... 7 
UIoU 
UZ62 
ucr,. 
"tin 
13Ul 
nut 
nut 
U!" 
ue", 
unt 
UIH 
UIIIII 
UUt 
un, 
10\,n 
-., ---.----- - ........... - --~ ~-'~-'!,-'l" =-~ ~~'<':' """" ..n:;~, , ~~--·1 
FINAL REPORT 
TABLE D5-14 
"H,2i~lt u I/OFL' '~'~'CLE 
..... r.r·u oIoUIIE-U 
.S67Jr";JZ 
.UUr·Ol 
''''''E-IIZ .nSlE .. U 
.111j"o;r .. ~t 
.UllE .. " 
.1I~ltlor-GZ 
.1l41o£-/U 
·t9IU[-U 
• J'U'f·" 
.. znu-"1 
.J .... 1£-DJ 
.3"016[-01 
.tUIE-Dl 
."67["01 
.UlfE .. u 
.ltOIoU-U oUlIl[ .. OZ 
,1t"'7r .. u 
.11'7£-" 
• .. ur-u 
.21"£-1t 
.Utl£-01 
,:""1:-'2 
.. .UlllEoOO 
.'Ug[ .. 12' 
·'"1("01 ':"Ut ... ez 
.Ut'J£t'1I 
.11"11£-12 
,"IUt" 
'''''1nOon 
.tfuun 
.61,U"'U 
.1'''£f1O ''',n .. ., 
TABLE D5-15 
1f",2,ezt ,."DEl T t:~hCl£ 
.t U6(-O J ... uu .. oo; 
,tillE-I 3 
.1I'HI-1S 
.1tJ'U"0l 
.n'IoI-1it 
• 1h'£-ll 
.24111[ ..... 
• 7IJ~"E .. n 
.lUllE· ... 
.... fl!E .. 1: 
.stzsr-iJlt 
.UIoU"I' '''$lU-1/o 
.USeE-li! 
..... E .. 1Ii 
.Uht-Il 
.U'UI-U 
'''"n-Il o151u-n 
,6":1£"1, 
.l'loU£-U 
.nlP[-02 
.ZIrU-'" 
.1(11[-0:- .1l.~U-n 
.lun-u 
.Io751£"n 
.t2ur-gz .n2n~1IJ 
.lun"u .'IInu-1] 
.3761£"11 
.hUr .. u 
.U2I&£-1t 
. 91"t-., 
.tUitE-1t 
.lu;r .. u 
.1111[-01 
.2"'n-" 
D-174 
"piE~!:n~~t!ils JrJt~~lnhfl 
!:S.66 l~.U 
lfi.lA n.,. 
JIJ.n n.n 
'1."., 11, J'I 
U.S. n .... 
"'.li!' "I.~" 
·'.tr IoZ.1, 
1111.1, " ..... , 
SG.lz 
.... a& 
.SoU 
"'.U lJI,tO 
'l.n 
".n '1II.1l 61." n.n 
.11.331 
'''.!Ut tI." ".!J' 
... n 
'Z,Of 71.,. 
'It.n 
UO-J" 66.1, 
n." ..... 
p.iEuun:ESS nl£~alJnN' 
u.1Ii! 11.1.'1 
tS.la, n." 
If.65 u.u 
u.i!! U.6l 
111.'1 17.16 
n •• e 111.1'5: 
u.u n.n 
1!.U h.u 
l!l.2'1 2'2 .... 
n.t. 2Io .• 7t 
l8.JIt l'5,,. 
l'l.n If:.71 
11.27 27.55 
31.17 211.37 
n.n l~.U 
!l.1I'7 2'1.9,\ 
!l.1l lO.7'J 
31t.72 .l:.{.~ 
n.n 12.71 
31.17 )1o.U 
MDCEI153 
Dct_lt74 
. 
L 
FRACTURE IECItAIIICS DATA FOIl 
21124-TI51 AIIO 2124-T151 
1(1 .... ' 
Uo" 
n.t. 
n."] 
111111 
, .... " 
tI.It' 
lS.91 
11.61 
U.lI 
1"~' 18.'" 
ze.1P 
tt..~, 
21.0:>' 
u.u 
2!.U 
n." 
211.14 
u.u 
la,PI 
n.1I 
""$ 
]Iun 
.lIn 
..... 
.,n 
•••• ,.,,, 
.... 
.In 
.6" 
"'1 
.'" 
. ,It, 
.1911 
.Jlil. 
.," 
.n2 
.,.. 
S.OIol 
1.11.0 
t,tn 
,.2U 
1.25C 
t.n. 
1.1>12 
1.1'il 
S.Ul 
t. ,,,. 
l.IIS1 
FINAL REPORT 
UCUf 
'1'1 
..25 
'"'" ....
tto. " 
U~ltt 
I""" nlln 
u.,21 
Uln 
UtiI' 
1111111 
u"n 
l6!lCI 
",.,n 
11160 
,"11" 
11"'" U~q, 
""'" J,9~ '11 
lIJ1U 
,qlolf 
nUl 
,"" 
!lHl 
teHt 
TABlE 06-18 
,"1"':-01 
.Inzr .. ., 
• ,,,U-D 1 
.Iun .. ., 
.U!II[·J! 
..... ~r .. ., 
,,711'£-" 
.UIoU·ez 
.U611f:-tz 
.,UIE-OJ 
• sun-u 
.... ,,:-02 
.uou-a2 
• !titlE-if 
.1n,E-a! 
.:U,UE .. U 
.3111'£"112 
.u7'lr-u 
.unE-" 
.... UE·Ol 
.nJllE-" 
.UlJ.e:-1l 
.luu·n 
.nUf-a' 
.l'CIIIIE-Dl 
.tUSE"Ol 
.uil.I£ .. n 
.tHII!-G! 
.U7II[-U. 
• nl'E"Ot 
.U~IJ[-U 
d~1R"(-U 
.Z3".E;-1)l 
.2.521[-U 
.:U2~'!'-" 
.,IIUE-D1 
.UIIU:-U 
.unun 
.na'l!.·D~ 
0-175 
.Ultl-'" 
.nU!-." 
,nnl-'" 
.n .. 1£· ... 
,_11'"-''' 
,J1,n"101 
,:I"Ul·'1t 
"ltltl'E.· ... 
.1t2"'-'" 
0':l6'U-." 
•• ntE ...... 
.,.6'U'(-'" 
,."n·OIt 
• nl!!-'It 
.UlIE·1! 
tUllE-" 
.UltE-Ol 
.tun-' J 
.UHf",l 
• ,flUfwtl 
,nUf-OJ 
.U .. tE·Cl 
,nUl-U 
.ltJltf-n 
.nUl-" 
.s""e:·u 
•• nn-OJ 
.,-,In .. n 
.It .. n.-Ol 
.HOIlE-n 
.U'IU·U 
• .,13( .. 0 
.1161t-0: 
,117u,-rz 
•• n .. E-01 
.$.ItJn-u 
.H"t,£-U 
.2ItJU.-U 
.271n ... ., 
.''JUl-OZ 
.hU[ .. Ol 
.1'l27[·~1 
n,,,1t 
,,,.n 
, ..... 
U,I' 
n.,,' 
tt,41 
It.U 
It.ItS 
n.". 
".n 17.'" 
u.n 
..... " 
1111., • 
1111."101 
U.Il'! 2:,." 
It.'" 1:2.'" 
n.pe 
n.~' 21.'" 
llt.tlo 
u.t? 
2" ,C 
u .... 
11,"" 
1!.n 
U .... 
".n 
".n 
lit ... 
, ... .,. 
llt.n 
,,, . ., 
n,27 
Pi.l, 
U.'u, 
' ... 103 
1.7.011 
11,61 
U.II 
U.l1. 
,'J.n 
..... " 
n.1ft 
III ..... 
non 21..," 
21," 
Ii.!! 
21." 
n," 
,a,711 
IIICEU53 
0cttMr 1914 
.' 
1 
1 
\ 
I 
i 
FRACTURE ECItA.1CS DATA FOIl 
2I!4-TIR AMI ZlZ4-TI5l 
FINAL REPORT 
TABLE 05-19 
""'i IUIIIt' 
'''c'.'. 0q ,on"li 
tWII,., 
"I' I. ... , 
"'''fC .. rill "Cj'! ' 
, "Ut~ ~'! ' 
""'A • "Jil'~ 'I 17 r.,clt"Cli\U 1& ... tul{. 
c.at. UNG'M I4tf/Snz:UI/OU TU'&.CLE 
.. ~:.. .Ut CYCLE; 
... ., 
.'ll 2ut '''''l'''DJ .tn~[,,~10 
' .. /ol .171 JU,- .l'-"-U ,-'1II0[-QIl 
1. ... 11 ,roll .. ,.fj4 .1.,~r .. u .'''lif .. tlo 
It ..... .IIIIG .. en .nr.;r"Il' ,t"'1~f-'t 
11.:11, ./ou ItUA .u,II:O:::·d: • .,.t\u ... 1t 
t '..,~! ,lin ... '11 >t~;;";,"~l ,42"'1. .. :1;:1 
U.C' 0"'. ,UJ ."II5f-C2' '~'l-~£-O f 
lft.Io' . M., '!5Io14 .... ~." .. .I1 .:UIit4[.~ • 
1 ,.,. 
"'1 ,IU'11'''112 ,nJU:";JJ '''IJG .I" .. ~·a U."! .711 ,n, .1S~'Ii[_" 
1'1.21 .t'lt nn .. UHr-.u .U&~f-D! 
!toll . .,;, 'Ul .1n'i[-Ot .Ioun-u 
n,I' ,AU ,,'PH .t'UH-U oIJl1~e:-;1 
llo." .1U 
.tll~'F-CI , "POllltf-U 
fin:! 
Z".11 ..... fo12'1 • z'ur-u 
....... l£·n 
l't.e. 1.1 ... Il'" .Utu .. " ,1l"t-U 
l,."1 1.Ui? U51 .i!"lU-'~ .U'5l£ .. ~f 
n"" IoUl u., .'i""'t-U .nllE·~t 
,.,n 1.~211 u~, .1"'hOC .1o'5!U"OZ 
TABLE 05-20 
M"a[~lUl~f'''IJ ~rJf:'ilnt.n 
t. ... r~ ''J.lt 
11ll.t'! \11,,., 
1~"!" t l.'" 
2C .. n 1"1," 
le.n 1I.n 
ti .r.1 
" '.6' 
U.Il' 2J.'IJ 
.... " Il.tlo 
2S., .. Zl.1I1 
n.(I, ,,.,, 
Zi.H 2'''.11 
t?" "Io.n 
ZI.n n.?1 
n~6c. 2t." 
:st'.ll 211. ~ • 
It ..... n.n 
n.'1) 130-16 
'''.J'' u.u 
n.U' n.,,' 
'3dllil~l 
,.,:,'",: 14I!i:~. Ii 
W,ItUI 
., ft· ~ 
1 .... ' It~" nlU litH 11.31' IiU 1&. ~j~H 
c~.c. LENGtH 
"",gUlf fl, IDU 't~'&YCLl ,,~iE\a~~lt~f;'!t ~n(;3IH1") :~;t •• CYCLE! • n: 
,.13 ,UI U' • zn'E·ez .111111(-,10 . I',l? n,7f 
hn .U_ m ,lU""",- .IUU-U t".n 17 •• 1 
It. 11 .1~' ." .11 .... r .. u 
.,,,,n-U Zhlt 14.tl 
•• 12 .1'10 ... ,U"~E-DI .fl.un-u 12.11 ".n 
0;,"2 ,i'U ". 
,ua" .. -u .Ulre-lil lIt.at n.n 
'ul' ,lit! ... .1 .. ~.,t .. a o""'e:-<1J n •• ' u .... 
6. 11 .1M ... .nUf-U .UtllE-U 21.]111 h.n 
1.211 ,2'4' U~ • .2,,.t£·~l .1J1tllE-U 21.'- 2~.11 
7.H • tDI ... ,1~fI.'hU .U~te: .. DZ 
, ... , .. zt.n 
A.n .He n: .Ul'.r·~t ,""'Gf-U l'!.'" 27." 
... it • "II" 
'" 
.1"Mh~~ .""~[·U H •• t 111,11,. 
•• 16 ,111'11 roo 
.t1OIl[.OC .~nU-12 u.u. n,}" 
1:.21 ,Ion 
'" 
.'lU'I( .. U ,''',..,U-Jl 11o.!1 11.'11 
, 12.1l .11;011; 
'" 
.lJan'.", .~I17E-U 1'.'5- 11. !. 
, 1~.11 ,O!.lC 1;., .:rAt 'ro~, ,ua'r .. u 
n ... , l~'''l 
0-176 
1DC£1151 
..... 1114 
i.·· .• " ..,· 
r 
~. 
~' 
:-
FltACTIltE _CIIA.ICS DATA fOR 
2124-TIU AIID 2124-TI51 
.Iltlltl 
c,.c. LENGTH 
,,~,. .n. 
U.II ..... " 
it.,. ,10" 
n.n •• u 
13.n ,"21 
U.Jl ,_n 
u .. 1t ,411 
15 ... , 
.It .. 
16.le 
.i" 11.u .61' 
H.M •• ltl 
11.31 .1Zt. 
1I •• ! .1111 
, .... , 
.,rt 
n.n .1111 
22." .... 
~",u •••• 
n.II 1., .. 
U, •• , t.UI Z'.,., 1.1111 
u.s. t.nl 
u ••• t.n' 
.11.11 1.IU 
n,u t,1I1 
II,U t.iIIlS 
II.M t.1I1 
lIo.r. 1, .. '
Itl.U 1,611 
Itl. " t.1U 
U.1~ 1.1101 
IoII.SG I.llltll 
SG,1" 1.911 
'2.~t- 2,35, 
'Io.GIt 1.127 
U.III 2,17Z 
55, 'If ~.1'?'1 
CYCLEt 
un 
ntJ 
.. " 
nn 
I'"~ 
.. '" , .. ,. 
u,' 
111130 
.. " 
,,6' 
.... 
'itt 
,,,., 
..U. 
lIttt 
lin' 
nut 
aun 
tnst 
nfl' 
tt'" ttiH 
it"i 
nl,. 
",,, 
11'1Zq 
11'" 
uru 
lZtltl 
tze6l 
utU 
urI'!. 
t?C'l! 
ttB" 
FINAL REPORT 
TAkE OS-21 
,f'-!mi 
.... I:~!l~. 
, .. t:J'M=: bl!\~"ln 
II;It.n "~. !iGltf'I'I" SI."10 .~pu!'htn 
.... ,ann la"D(\'T'~"YCLE 
.ItZUf .. '3 .. uu,-,_ 
_,.'1£"03 
.'U"-Ift 
~"eJl'J·U .U,U-_, 
.11)"12[ .. " • "iSE-.1t 
.IlIlltl_U .lurE-IIt 
.".~r-n .UltU-'It 
.unE-" .IUtE-' .. 
.UUl·., ,'U9[-,1t 
.SUIf-Ot 
.'UoE-III 
."II"r-n .h'''''I. 
.,ft,,-U 
.UtH-" 
.UUE-or .11'l1li£." 
,flur-" . .luu: .. n 
.1Inl·n 
.' ..... r .. 11 
_""IE"12 ,'j.nr-., 
.IU'f-" .2Uo1r-u 
""at-I! .U'If-n 
.9IlIt-., ,lill[··n 
.U7tEoon .,",[-n 
,Ulln·11 .41"1[ .. ., 
.aun .. t .ItUIl-1I 
.1I1U·11 • 't,u-n 
.tllllll-U .n7.[-n 
.inn .. , •• tlR-n 
."Ill-it .nm-., 
.1"""1 .u .... ., 
.IU'iI£-H ,un£_1I2' 
,1I121r-01 
.1I"r ... ! 
."t.~[ .. n ,nllr·I)! 
.h4n"h .run-oz 
.U2n-,. .IItSU-OZ 
,Utllr"~l ,JItU!-IZ 
.tf!!E:':I~ .nu[-., 
.1"U"'l ,Ul1r-ez 
.UUhttl ..... "(·.2 
•• i'\!Ul~l''' I~I'WIJIH" 
U.4Z n.f6 
13.t. .. 12.2' U." u.t~ 
,It.," 1!.n 
11""2 1!.n 
ilt.flt ,1,"1 
n.n n • .,s 
1 •• '2 ,'.31 
n,.n 1\ ... 
1 .... 1, , ..... 
16.16 l'5.Z6 
1'.Ot u.n 
1 ~.n 11.11 
tr.'iII n.n 
11.66 14.,. 
1'II.-!'" f.1.'5i 
n •• a i'. It 
!D.'~ U.66 
1L20 n.lD 
ft ... a4.tt 
ZZ'.4I" u.n 
n.lI n.It 
u •• a It." 
l\.U II.U' 
tI.H II 
z .... n., .. 
If.li? ;:-~.u 
n.~1 ~'" 76 
ZII..\I1 2S .... 
21f.11 :t.tO 
~'Jo'le 27.2'1 
30.101: z1.116 
H.o'S ZI.26 31,,, .. 
'1.12 
n.12"1 Z'I.U 
ORiGINAL l'A~ 
OF 1'ooR QU I 
IDCEll53 
0cIIIMI 1974 
.., 
1 
1 
, ....• 
r 
t !l~ 
FRACTIIIE MECHANICS DATA FOR 
21124-TI61 AIIO 2124-TI5I 
IW.'" 
~;.c. lfNGI't 
Ii.lf. oZ',. 
•• iIIA .1';0 
9.'1t .'1111 
1Z •• , .ttll 
u.ts .~u 
".U .":'''1 
U.!!" .129 
Z~.311 .III! 
~Z.'1: .qn 
16. "" • ,l''S1t 
C""CIt \,[Nr.fH 
2~~7 JW. 
i!'.15 .illl 
l.U 
.Il" 
3.11: .1'11 
.. ,It; .161 
... 1'1 .111" 
FINAL REPORT 
TABLE D5-22 
o,c"£l 
lfJJ 
ton 
IUZ:f.-~2 ,~"UE"OIo 
.JII31r"02 .13'51£-0) 
."'l£-CZ ."ru-o 
nllo 
2116" 
un 
'''1'JJ[ .. ,~ .2"111)[-03" 
,.",,'[ .. u .1111iG!: .. U 
.lS!HI!-a .1.10,,£-12 
un 
reu 
,rnn-u .,,, .. 2£-02 
.UUftG~ .UUE-"" 
lUI 
.u4zr.G1 .'SlIIlIE-1Il 
lUll 
TABLE 05-23 
n(lT&I&I/nt:LUHU 
C'l'CLE5 ""/CYCLE t."CYCLl 
I 
.11 .. i-'2- .1 101\?£-P 
III 
,7&!Hf-tO! .1nt"E .. ~1 
1'1! 
• tljo;;"f·~l ."lHE-~l 
l'J~ .,.,:q'1r-~'1 .11ilc.£-Cl" ,.. 
", 
,O:QIHf-1i1 .~11o"'f-: " 
0-178 
17.17 n.n 
111.73 ,7.01t 
2~ •• 2 111.Ii, 
22.1Il z:. ]5 
2'l.I5'1 zt.1,7 
Z~.I)" Z!.z~ 
tr.ll ZIo.U 
21tH Z&.12 
It. II' tA.a 
HP~£~~~n~~~~'1 "IT[N~HY) 1C'i[ 5'1IfT IJOIl 
If..~f, 17, ;7 
t". t \ l:;."~ 
,')." . 11.11\ 
.z~,.Qo1 1101; 
.. : ..... l~ .110 
MCGONN ..... DOUa .. A ... ST.oNAUT'C. COMP .. NI' • .... T 
OOC EII53 
0ctabIf1S74 
------" "."~'"---. 
" .... ". '" ,'~ ,i'.",.::....,~:~i,i.,,"~{,~,: .;·, .. ;..".;~.:~·:t~"'::i.f ,pJj,,:i~.~~.\W.[~£ -":i,i1!H~%*M·:h) ~- ''fit~~} >.: ,;,>" ~'i1< , .... t:i.Q ..• ,<C. 1 .-. ~ .' ,; '~,"'.,.,~,,,";,; :'.::""".is,,,l;~~:.:. .-;_" 
" -~ 1 , 
"~'~'~""-:.~.~~~~~~'~~"",'~~~.~~"'''''f''!''~-~' ~··~t\~·~·~'\"i""~C"~,·~"-1!'b!". "'~·"·"·,,·· ... ,.. . ·.rI".~'"'''' ~'Tl 
.~ 
FRACTURE MECHANICS DATA FDR 
211Z4-T861 AND2124-Tl51 
I( ,"iM, l~U 
5~'clt ~nor'l'! 
" ].'" ,1 .. 1t 
10,11 .1P~ 
;.1; 
.11' 
Ii. rio ,1U 
t.lot .1<;1 
(,.q.t. • Z''5 
'o'H ,HI! 
I',U 
.Ufo 
~.~6 • hl! 
'i.~'1 .n1 
tJ.ZIo ... u 
UtH ,ioU 
1l.H .Iobi! 
,lo.Er ,10 11 
Il.n .S~'j 
th'H .o;;,.~ 
110.1010 .0:;&'1 
1~.11o .0; J! 
1 t::.~~ 
.61' 
H.It. .he-
lfdo;; 
."." 
11.112 .r'U 
tll.l~ 
.11" 
1'1. '1 .711 
lI.tl .1111 
U.lO .111" 
23.101 o'JU 
kl/U., 
f,"CI( 
.. , Lt N41~ 3,.,.' .11010 
10.1010 ,1" 
';.14; •• US 
'S.'I6 .2t11: 
6.11 ,litS 
1.l'I .ZIIJ 
lI.al .:U6 
FINAL REPORT 
TABLE DS-24 
"ii-feZ i!U-l~l"lo 2\,""TI'I51 
'SflfC J"rN L~~i Iln=~t 
.. " II 1"'.7 til (.IoJ OM I ltl, tNI 
1/0".1 "p, cic.q tI~U 
r.YCLF~_C:~~g~ C]'51~'cE:; 1'1,69. "pA !t]',,,Ut U.11 kif SO' 11M" 
..... /~;~l: Ii' JOEL t 1~~~"CL£ C'fun 
1 
.1I.lG( .. ~" 
17t,l 
.UHF·O] 
U'H 
,§tnt>·!)J .nUE-o" 
Itlloa 
.u1lo£-a .ZtZ'I'E-QIo 
.U~lt: .. (J] .:lItHE-1II 
'o'';Iol 
.hHr-1Il .2Ql61-!!,. 
15f /If! 
(.31) 
,lIt71[·U .1101bE .. 31o 
,,,,,,. .U'ie[-~~ •• un-olt 
.Jllur .. 12 '''!')''r~tlo 
1"l~ .tl1~E"'l2 .(inn-')Io 
Bro:; 1 
.t'lo;U: .. U .110lE-01o 
IIH- .1H~l"Ol .1,OS'C-h 
8~ l~ 
.17nl;-~' .,,'/11\[-010 
'11110 
.Z 17.["01 .H'IIo("Cll 
'110,0; 
.ltZIE-Ol 
'11.1$ 
.HU[-G~ 
.1lZ..,!-,,,, .9151E-111o 
'1"'10 .1o;U~"!:i' ,trlfU-)] 
lallio 
tC3'" 
.3~~~[-O? .110;~E·al 
,"lOu .. ,? .U'IH"'C! 
u~ l'" 
'01t1Jt'lE-H' .t7'1'1E-Cl 
IOfErIo 
oJt 1'(-01 tUlia .. !:' 
UI~ l~ 
.IoHtJl!: .. al .thaE-ln 
Ul'?t 
Ul1o1 
.106Q1E-H .iP-101[-a! 
.blC1\I:-O~ .21005£"'13"3 
113"'2 
u!·1i!. 
.6BIo[ .. 12 .Zt':1l[-Ol 
.10~""H .n~n· .. al 
un1 
11~ Itl 
,'l63~[-O1 .HUf-lll 
TABLE DS-2S 
nel £Ii "'H/~'ha tAI/OILTU'bclf: 
1 
• 110:21-02 .SSIfU-llo 0;601. 
,Zl1'U·1l .8,"U·,,. 
." ,t1tU-OZ ~'nil[-Git 
.1101 
.HIU-U .ilil5lt-n 
llSG 
,1II61)1-'U 
1!2t 
.HIIU:"'D~ 
.ruu .. !)! .2475(-0l 
11\J9 
0-179 
"pif~~ln!~f5$ JU'~ijU~lttl 
1'5.U 13."1'5 
it.'1! Hotq 
l'.f!i! If.n 
U.~l ".U 
t~.I!." tlt.OCI 
U.1l 11'1,"" 
Zi."" l'to70 
"BtU l~ .... 2" ,,. !t.n 
210." i!.~.u 
~"i .t'" uta'i 
H.~:i' 11,+-1I 
2" .'0 ll .. n 
H."" 15.10 
H.Io' n.'I1 
2~ .~, lE.1t1t 
l~."10 ll,')I1 
~o .~1' n.':iS-
U.-lf tII.U 
H.~A 28. PI, 
~2.Z" 2'1.1. 
320'1): "'I. 'III 
11.!lLio 3'."0 
H.ll! 11.'13 
It .11 11,11' 
n.ll n.u 
.. i'I!IIlW" m'mm" 
21oZ::< U.t .. 
t'J.:U U.1le 
It.1I11 t".JII 
21.h n.n 
n.'u Z".ZII 
31"Q 11).01 
OltlGlNAL PAU" .J 
OF POOR QUALITY 
IIIC EI153 
Ocloller 1914 
c • 
·Ie 
~. 
• 
~-' 
1-
FRACTIIIE MECHAIIICS DATA FOR 
211'l4-TI&I AIID 2124-T151 
"I~'" 
~.ICIC U'""I= 2.;2 ... 
1.12 .U, 
1.U .1'" 
...... 01." 
.... , • 21., 
'.Il .21' 
.. ,. .2,. 
7.'. .2" 
'.1', .1IP 
I ... , .nl' 
'.0 .. .UI 
'.13 .1'11 
tI • ., .IIU 
n.u ..... t 
il.1t .Ii'li 
n.n ./tll 
lS.ze • SZl 
lS.rl' ., .. , 
,11.11 .S" 
'"'~U .", 
,t.tI . ." 
nlll .IU 
tI.tI .n, 
~~o\CII \.£lIr'1= 
:So" .1'1\ 
lI.tf! Il~,j 
,.i.1I ,;.ou 
&.22 ,2"" 
f..llit ,2P3 
1.M ... ,,' 
.. , •. U, 
'!I.rr ,"n 
1t,'.iA ,"7 
11l.1II .'*tOt 
h.1l ... t, 
11 • .10, .1141 
non .I0Il1 
12 .. a,- .o;"'!!! 
1.1." .'310 
C'tCLll 
... 
n. 
". 
'" ... 
... 
... 
.n 
.... 
ten 
In. 
un 
1111 
UI1 
,,,It 
un 
thlt 
UI\ 
"" "61 
I., .. 
lin 
C1CLC::'" \ 
12 .. ,-
l!'1f 
lUi 
lhJ 
.23 • 
!of"" 
llllI'i" 
'.ilU 
Ill". 
"zg 
'Ul 
1'11I2'*t 
IJU7 
61" 
FINAL REPORT 
TABLE 05-26 
•• /~I~a"'lOlL't"h ... 
.urK-n 
.'"tU-''' 
.'''''l-U .uul-n 
.12,".12 .Uttl-n 
.""U-I! .uln-u 
.U1U-U ,1i1l'I-n 
.USft-U .1Isn-u 
.,nPI-" .111111-12 
.tJ'n-u .uII,--n 
.Ulll-Ii. .1111,1-12 
.1i'tIIl-U .t"'I-U 
.1"1E-" _""1--13 
.IIUII-II. .nUI-1t 
.usn-... .UIIl-1l 
.S"U-1I. .tl2It-U 
.u.n .. 1I. 
.'''''-12 
.31''1·11 .IU.t-U 
,''''I-U .111111-U 
,,,"n-... .1""-I! 
.1 .. rUII .ltS"t-1I 
.tll1t·U .II .... I-U 
.USU." .nlll-" 
.""r." ..... II·I! 
TAilLE 05-27 
MM,~$Ht fA I nn T ~~'~1r.LE 
.f,lU£-:) .?~'A!·G~ i, 
.1l1l1["Ol .213"£-11111 
.lInH-C3 ,'""1111,./1\ 
,1.1"-f"112 .OSil"f"". 
• \1101'["02 ,0;3"11["'0 • 
t ~~ell[ .. ~~ .11:,10[-010 
.,'"1£-wi? .,un .. Di, 
.'11t~f-~2 .U'ftE-" 
.2'lJ1JItt-O% .101n .. " 
.11'121[-112 .111"r-u 
... ~M[ .... ~ .11.IIU:"U 
.'i]1J1E"'1I2 .'Il'JU-n 
.UIIIU·U .1MIIo'-03 
.1''',F_\!2 .1O.12[-n 
"i'mnw" m'~!lm., 
tt.u ~'.l" 
12.t: 2,." 
lI.U n.OI 
u ••• J •• lf 
'2 .• ' s ••• , 
Itli." 1i ••• 2 
.... " Iit,llI 
.... n llli.Il 
h.U III." 
IS.II .... n 
",n ' •• u 
n.1l n.lI 
".1.2 fl ... 
' .. " fl." 
1I.1't ".11 
.... 11 ' ...... 
tI.It ' •• u 
",12: 11. PI 
tt.t1 nln 
PlIU .... ft 
r~.I' ... " 
n ... ".1' 
M"ir~~:~l~~E'~ lrJr~6HltNI 
1~.31 \],"" 
lib.'" l'i,lt 11'.,," l".lP 
l'i.t.!! 11.lt2 
U.l' n.12 
H.lIII 1'1. Jl 
It,n ;.0\1.1" 
22'.1" '1).71 
2].,,0:'1- 2'10-111 
211.U n.:oJi 
ZII.'" 22.12 
lOS.'It ll.lIt 
!flO'S: H.U 
n.n 2 .... .,. 
IIICEIl53 
Octaller1974 I 
I 
I 
I j 
j 
1 j 
1 , 
1 
FRACTIIIE IECIlAIIICS DATA FOR 
21124-TI51 AIIO 2124-TI5I 
li!'C, "''lH I~I .nl 
3... .Ut 
I... .UI 
ItlMU. 
~='CII; U'NGI= 
'.00 I ., 
.. u .. ns 
'I." .IU 13,'. .10" 
11,11 ."n 
U.'1 .1t6ft 
11.1. .,n 
1/t.21 .S6~ 
HI" .6to 
H." .6jl 
u.n .UI 
n.", ,'" 
lel6l .IU 
ilZ. ~1 .167 
!llle _". 
21t,'jJ 0-%1 
n"l toOU 
U.12 1o.35l 
i?:8.12: I.US 
llj.qe 1.117 
llll" 1.UII 
H.lIo 1,la'5 
n • .,l hH] 
J!..Zft 1.1U 
lro .. , 
lh'll 
n.lJ 
101I.'il 
101.515 
101. ~O 
..... "I~ 
.. l.U 
101'.lll 
Io'l.l, 
'i3.tJ: 
." .11 
'l.1, 
5's..l~ 
n.Al' 
.. ~. " 
faT. sa 
fI'i.-a .. 
'iI. 1a 
1.1011, 
t.lin 
I.h] 
1.'5<\1; 
l,UI> 
1. flAil 
So 'llat 
I.e" 
1 •• ~' 
I.IIlt 
t. .. ,~ 
l.~ltr 
~.l1G 
2.171 
lIZ'"~ 
2.1'j1 
l.Ut 
l,5'U 
l.111" 
• 
CYCLEr 
" ..
nCLI;5 
• 
lo'lU 
1DO:! 
10;;&. 
100 I'll 
UI10 
une 
1"5n 
U,IIo1 
nltH 
lUU 
l'IIoU 
Utl6 
20UD 
Ue."1 
aU.1t 
l2U1 
tZU1 
1120": 
1110'" 
UUI 
llilllH 
'lin" 
2lolot .. 
1"f'JIo 
~1o'l'P~ 
;Olo'll!! 
nr<Jl 
lSll10 
lSI ... 
2'$1010 
UlOq", 
2"'<;10 
l'UO;Io 
21S!' j, 
!<;!U 
nq6f 
.?lIt '-( 
H,C",Z 
~illll 
2Hn 
261"~ 
Ul'l 
FINAL REPORT 
TABLE 05-28 
.... u-.: 
.••• n·" 
.uStt.U 
.Utu:·oz 
TABLE D5-29 
.UIU-U 
... ,U't-U 
.lInn-os 
.1I11i11t-1I 
.unE-1I! 
.""[-01 
.uon-u 
."on-., 
.uur .. n 
,1'Jil1E-n 
.UU['OlIl 
.11ln-aZ 
.11nr .. IiZ 
.IS3'lf;-n 
.ZUIr!£-O: 
.,nn .. ,z 
.HIIU .. " 
• 17lle·n 
.1I(IolE-U 
.:snu:-Ol 
.nUE-H 
.5/03<;[ .. OZ 
.IJun-u: 
.'.itl'l'(-U' 
.lId ~E-'Z 
.11.,"It·e~ 
.nz1E-U 
.'Hl[-G~ 
.llll~-~l 
.hr;~~·H 
.1l7H:-a 
.11o'UE-~1 
.Z:"l[-U 
.Uf:~£·01 
.1ItJf.-H 
.U~lr-H 
.Jl'lu .. a 
.tHtf--Gl 
.!S1h[ .. u 
.1I~1I1E-n 
.lif'(-U 
."iol1E"~ 
•• uu·., 
."UIJE-!!" 
,IU5("'" 
.urU-llo 
.zstU-!l1t 
_nU(-'" 
.:sun· ... 
.:sun-'It 
./oDUC· ... 
.U'"'E-I" 
.lonIr!E-(l" 
.'1'IU-'/o 
.761"1£""" 
.6n"£"h 
.U1'!(·U 
.1:ln-n 
.U21r: .. IU 
.1",Ii£ .. IU 
.1221E-Dl 
.1/oIlU-OJ 
.iUHa:.-U 
.UIIOE-II.J 
.l15lof·01 
.?foHt.·61 
• SlltE-In-
.1U.~[.C t 
.1ItlE-0'l 
.1un.Ol 
.1oIoUE"; 'I 
.5n~E-n 
.lolJ~f:"~l 
.'l!e61E .. tt 
.IUOE-:Il 
,·nue"OJ 
,'6HI--G.l 
,Icotlr'"o' 
.U""[·02' 
.u",et"ll 
•. (It~Gr"o? 
.l'il&[-U 
... ~'I'<;["n 
.1110'51.-111 
· .. '" .. ····"'····y·'''·~····~ .. ~'~c'' .. ·'''' .. ··~~ ___ , '''J'''''''''''''' "~"T"'''1 
I 
11011. 
Uo_ItS 
UoU 
13.110 
non 
1".21 
'''.~I 
n.66 
t6.3'i 
u.u 
H." 
H.l'l 
n.a, 
SII." 
a.3ft 
2D.u 
ZI.~" 
lI."" 
2~. tl 
2".'111 
-ll. Jf. 
iU.'l1l 
210. 151 
n.'" 
H.i .. 
H.P 
~(,.jj,~ 
:'I'.'~ 
H."~ 
2P.'~ 
2~,"2 
1".1~ 
1'f.l1o 
!Q ."" 
It.'~ 
h.''': 
12 ... -
n.Iot 
)1 .. \ .. 
!~ ..... 
If._'l1 
,..fJr 
10.79 
u.n 
UI" 
12 •• " 
12.10., 
tt.n 
u.s1' 
SIo.ZJ 
110.1, 
n." 
u •• tz 
16.610 
n.n 
1'.75 
111,21 
111.16 
n." 
lqlfe 
let Jt 
lD.1l1o 
It.l6 
Z1. " 
n.l, 
U.~l 
n."!1 
".3Z 
2"~"'l 
Zit. '1 
~l,l" 
2~.11t 
'''.ll 
~t..1t 
n.1'10 
n.'Io 
r1l,1'1 
til. ~q 
~~. \10 
It._l 
n.10;; 
12.110 
11.~f, 
,1:.0.. 
IDCEI153 
octeIIIr 1,.,4 
,; 
f";",~·~'~T~""---_r.,~--"=-.-~-,~-,-~~",,,,-,.~-=".=-~ .• ~'.-''''-.~-~"~~'~~~'' '".-.. :~,,,.,, 
~ 
~ ~ 
~, 
FRACTIIIE MECHANICS DATil FOR 
2024-TI&1 AND 2124-T151 
(tMlli Ioln 
CltlCIt LEtt"" ,. 
.11. J.n 
1.61 .lltl! 
10.1'1 .161 
It. " .lA7 
~ ... t .2U 
6.U .u, 
'aU .2'5, 
6.'1' .1'5 
"?n • .1010 
kllt._1 
elf'e_ lfNGtw 
.. ~~" J~II 
~.lq .; '0 
.t.n .1 .... 
.'. " ,I"" 
1o.:,S .t 11 
~~t: • ~Ji! 
OJ,fIII .~l" 
hott .~ .. ~ 
b,Qt .. Hi' 
, .Clg ,1 t1 
4.Ql .~'U 
1 •• H. ,"l~ 
u.f1 .1t~7 
FINAL REPORT 
TABlE 05-30 
ClClts 
I 
.uur-u .71$n·" It.U. lI.U t. .,., 
• :UIJIt, .. n .1. .. ItDI ..... u •• ~ 1.1 •• 2 
un 
... :s'n .. n ... 1'Ul ..... n.n U.6. 
/til 2 
.n15£-n 
.n"I"'" non u ... 021 
Milt 
. ",,[-n .3111191-... '11." n.t' 
• '5116"( .. ,, .ulte· ... 15.111 13." 
''5211 
.n .. 
.61t.cr-'U .u,n: .. I" 1'5,"" 'It."1t 
... ,u .. ,t ., .. ,u· ... it.n n.n 
IIGI' 
TABLE D5-31 
C'fCH'.i 
I 
"~/gn~t i A I/llr.I. f1!'AycI,C OEl TA 'O::T_['i'S: i;l£;~nnwl "pa :lnPT'M} 
.1I"'lf~O .:rtU-o .. 111 • .11 16.111 ti,'" 
,"rt' 
H.a 
UlZ 
• nnr_~~ ,Hi,,",,'-,l ~O.lfl SII.~q 
.It\ftf-Ol .IZil~E-C3 fe • .,A 111.Q( 
• !~q"F""l .1:~2'[-Ol ~1. 'l'OS t 1. 'l'1J 
o_'Ol'olt-U .U!f~[ .. ~l ~J~"" :01 • ., • r~&:o 
UIt! 
21601' 
~Iob· 
orc'l! 
i'J!.'H 
• 1"\&.",-: .1Jot .. [-t1 :O'i.~'" 2'~.'11 
.ltl~r.r .. ~ .- .ulI"r .. u 1".31 Z!.q~ 
.fo"ltlf .. tl ~.?l'''E-,n ?'t ..... l'l.U~ 
.'I'IIMr-OI' • Jt 1"["0 ~ n.]'" lII. ,,, 
~Pr~o;E-~1 .1tHE-~'t 'l.n lh 1., 
.1II"U-~t .''''1''1£-01 111.'I't 11.o;ot 
l~'l~ 
l'li1 
","6"£·~1 .lll'l1l:;[-U 11" 11 1','" 
D-182 
' .. 
.L 
FRACTIIIE IECItAIIICS DATA FOR 
.4-TIA AIID 2124-T151 
• 
F 
F 
F 
F 
F 
F 
, 
, 
, 
F 
, 
F 
i=ar:tr: '-U'l': 1." . 'I' 
thC: 
h.'U 
u.n 
12.U 
11 ... t 
111,21 is.,, 
u.n 
lI.n 
lI.'S 
U.ItZ 
21 ... ' U.,. 
Zit,.! 
2' .... 
2i.56 
no" 
:It.n 
n ... 
It.H 31." 
1,J9 
1.77 
I.Z: 
110111 
u." .. 
11.19 
1l.(011 
1~.1I7 
15.,t 
If .. IJJ 
H ... ~ 
"'.sa 
z; .~7 
Z2.'1'11 
z ... tJ 
l"."~ 
.1U 
• SIt, 
.lU 
on, 
... 31 
.... 0 
,"'" 
.'Ut 
.!I" 
.s.] 
.,.,.2 
.;'16 
-.126 
oU, 
.... , 
•• n 
,"2 
1.011 
1101t6 
I,H'5 
1.2" 
t.J" 
1,1t17 
t..'U 
Ifl"a., 
CYCl£lf 
I 
niH 
USa' 
JUZ 
'lira 
SUl 
IUS 
'3':7 
7613 
""8 
,nl 
177'1 
'117 
., .. 
'''1 
... 1 
""1 
lUl2 
liZ" 
llt91 
nut 
tI!U 
tI'" 
tilt! 
U.ZI 
C'fClE'5 
I 
'" o; .. ~ 
'" 
'" 112'S 
U'JS 
13'10; 
~uo,; 
H8'-
In'S 
1'33'5 
Hi'} 
1'" 
U.7 
1"11 
1"1" 
FINAL REPORT 
TABlE D5-32 
• .uI1[ .. a 
.II',"Ut-::' 
.tI'fnr-c, 
.126U·" 
.'I1;22[-0! 
.ulon-or 
.1,'ur-cz 
.U2PE-gz 
• lQIIU"OZ 
• "'lJlJr-t 2 
.:Ulu-n 
.zun-n 
.Incr-u 
.37''' .. 02 
.uu£-u 
.UUf-" 
.n'n-DZ 
.,un-u 
.186tE-11 
• SitU-IS t 
.'"1[-11 
.Uin-u 
.lfIitE-OS 
."HEt" 
.UnE-,1t 
.?:Sltu. .. , .. 
,ll':sE-DIt 
.uo;u"OIt 
.11"1)[-0" 
.4'~~["h 
.S1It!lE ... alo 
."tn-cit 
.Iun-, .. 
.'''7E-1I1f 
.U'2E"'U 
.1.::JfE"U 
,:'/t'[-II 
.' .... '·03 
.Z/t'3£-13 
.",noon 
.n/tu"I' 
• "/tn-11 
.101,,£·., 
.U4llu .... z 
.uln-n: 
,tUlE-IiZ 
,""£-It 
.",sr-I! 
TABLE 05-33 
1Ii'l.t .. "Pi 
Hlt/Hurt fA IIDEl T!'''~''Clt 
.U9tE-': ., .... ~t-~ .. 
.uue-cz .'.i9'n:~J/t 
.UIi5£"U 
.9'JJIiE-": 
.,>U'J£-Ill 
.r,n_E-Cl 
.11'15["1.1 
I\Ulf-~l 
."'.'t-J;j 
.ut-1r .. a 
.U/t~[ .. :t 
.UII~E'U­
.1"H£'~' 
.3""'[tOt 
.lI.II:t.;1' 
.1l~HHll 
D-183 
."'!"IIIf-CIt 
.1'1113£_Q]: 
.Ulf1£-1Il 
• UIo'E-tl 
.UQU--03 
''''lI!sr-~ 3 
,linE-ill 
.1'S"lI11-U 
.17t;~r"Ol 
~/t6~'t .. Ol 
.<;'»;(-02 
.t ':"'l1E-: 1 
,1.;"'£-t{ 
''''''~E''1I1 
UI •• • 
t 1,t.: 
11,'11 
U.l:' 
U.1'l 
1).210 
n.r'S 
tlo.2o,; 
tII.1i9 
n,u 
ll!i,ft'" 
16.18 
tl.7t 
n.2\ 
17." 
11.17 
n.IJl! 
n.'10 
u./ta 
21.1'.i 
22.27 
23.1. 
n"2 
V·.ll!. 
1.6.111 
17',U 
11.110 
~ •• 4~ 
..: ..... 
n,>;"-
21."'" 
t3."_ 
Z ..... fo 
l'i.lf 
ffl.l? 
H.~:o 
211.111 
~4.1W'. 
,~. lC 
t ,.1'1 
u.u 
11.13 
u.n 
tl.l'i 
tl,'il 
12.U 
11.17 
llon 
,1I.Zl 
111.12 
1'.i.20 
1'!i.6'1 U.,'" 
it.17 
17.7, 
U.l'5 
It. 56 
1 •• 25 
20.21 
21 .. 11 
21,17 
noR 
1."0-'<1 
1~.27 
\';,61 
H .. l~ 
1?U 
11S.H 
t'J.i51 
1 ~ ... t 
2?t6 
Z ~.111 
tl,l1G 
1_.16 
1 ... 1'1 
.. 7 .. U. 
<",11 
1 •• 16 
IIIC EII53 
Oclallell!74 
,J. 
FRACTIIIE lEellAlIlCS DATA FOR 
21124-TI&I AIID 2124-TISI 
Kt'tAkl 
~=.r" I.tIllGlt 
1."10 ,1!6 
1,.10 .tlS, 
... n ,1'" 
S.32 .lIU 
.. ~ .. .1"~ 
f .. 119 .,11 
1I11t~'II' 
~=.r: .. l£"C>l~ 
2,1'6 • 4' 
z •• ~ .Ut 
3011. .tn 
3.'''' ,132 
lo" .t,.s 
:t,.3 ,in 
".21 .16_ 
"oil' .1~" 
5.32 • 2111 
5.71 .UI) 
,.n .UI 
FINAL REPORT 
TABlE 05-34 
.cYCLE'!; "It/8nn 1."Dn.'t~'hCI E 
1 
'" 
."".,n .. 111 .!'t~E·QIo 
121)1 .tltlU-;;Z ."1""£"0' 
itill 
.21\u .. n .tD1C11f .. lIl 
"if, .U'~f·~Z ,H, .. t-n 
totH .5"17r·,;1 .unt-OJ 
TABLE 05-35 
CYCLES MIt,8iHt Ill/OEL T'~~~YClE 
1 
... ,.nou ."UnE'"1 
... 
.f."'E .. a l 
"' 
.Ultltr .. Cl 
,u """,,U .. 02 .13UE-al 
'" 
."IJJE"'Z ,1J'i'l'l[-C3 
'" 
.8n~E"U .1lUt-Dl 
,'IoUt"'wl .Ultn: .. oz: 
...
.utllue .'!iUIE .. U 
'0' .rnu-u .30rot-U 
... 
... 
.:fIJ"'l-a .utlll .. n 
• Inu-IS .uoar .. 12 
2:'11 
0-184 
1I~2E\Xln£.f"'~ ~~lr~~nnNI 
It..''' tO~U 
n • .., 11.U 
13.6" 12'.102 
1".~ t~. ?l 
It;.4, 1\,n 
"ltiE\~Ml~;Es<e nIE~~UTIN' 
Ui.t;': 15.11 
".'1'5 if,llo 
n.1tt 17, rr 
t",I)'; 17, " 
zo.n tll.J" 
21016 n.25 
tz.IoS 2:11 ... 11 
U ... n.u 
2: ...... Z2'.U 
n.tI" n.2: • 
", ", . SQ .... ····'1 A"..,; "1·.·.· .  
----- q-' 
IIJC Ell53 
Dc*lt74 
FRACTURE IlECIlAIICS DATA FOR 
2tl!4-TI&1 AID 2124-TI51 
A' 
~:ICIC UMG1i 
I,U , ... 
'.71 .117 
7 ... a .In 
•• u .tU 
I.n "tI 
U.'U .... 
u..u .Ill 
s,.u 
"" tltU 1.'10, 
u.u 1.:11.1 
11 •• 3 1.IIU 
11,,. 1.1156 
t •• U t., .. 
rl.Z! t.I'" 
!t.J'I t.fI' !I." 1 ..... 
''''.16 1..'" , .... , r.uz 27.,. 2'.111' 
n.n ,.U' 
33.19 r.u, 
u.u I.U, 
n." 2.'1' 
n.ll ,. •• 61 
1'1.11 ,-.a'l. 
U.U 3".11' 
FINAL REPORT 
TABLE 05-36 
L3dll~i1fi' 
.. !:.'.:: ',dl;lri 
".tt sTins GIIUTEIt ,.tlU·I~~1~tfi 
ucus ""J2~[:'. 'IO£&, "U'A .. cu: 
I 
u"" 
.nnr-u ."J .. I ..... 
"lIZ .1UU-U . .,,,,"',, ru, .1.tI'''''' .1"lE· ... 
3DU 
.ZlItiE-U •• uu"',.., 
..,1,.. .nUf-" .1un-03 
toll' 
,""UI-" .UUE-" 
.It"U-u. .1~'71·n It'''' 
1", '''''U-OZ .tlUE-U 
11)67 If""'E-U .nltlE; .... , 
ltt. .u,n-11 ., .. U£-13 
.... 
.sun-;i. ..... I£ .. n 
,'31e .USU-11 .. u,n-" 
.... 
.U7U-Dl .U'IU:-U' 
6nl .1""iII-11 .","-'1 
.UM« .... .171.7(-11; 
..u 
,,13 .uur:-Il .U7IE"'., 
7r7S .UU!-:)! .tUIII;-tt 
711.6 .Z'lltr-1I1 
,til",,: .. ., 
'lU 
.1t711£-" ... 7U"., 
n.o 
•• uu: .. u 
.1Itu .. " 
73., .UtilE" .. "t!'J1E·U 
110610 ." .. E-Ia 
.1IIU-Ir-
'51] 
.Ug,t-U .n,,!-IZ 
16'-' •• "tt"u. .3It1U .. n 
7HI ,'''IE-Ill .11.91"12 
D-185 
",iEuuurrss lurUItUN' 
11'.lIt ,1o..B 
n.tt u .... 
1I.tt 
"'" tz.u ZltU
,...n 31,6' 
U.St n • ., 
U.'P6 :"'.21 
H •• , li,J' 
U.itS !4.'D 
II?,'" "'2:,61 
.... 12 .., ... 
.. ~." .... ". 
'JO .... u.n 
n.ss It'." 
",,62 ",.n 
u • ..,. ", ... 
u ... it 13.U 
U-,n I'.Zf 
n.fl II.C7 
U.U- .0.21 
6 •• n ,'"J 
re.', '10.26 
n.n ''1.1, 
.t.'" '''.31 
If.~: 1 ..... 
ORIGINAL PAGE IS 
OF POOR QU.A.Ll!lYi 
IIDC ElI51 
Oc*rlS14 
I 
FRACTURE MECIlAIIICS DATA FOR 
2024-TI51 AIID 2124-TI51 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
.... tt2 
1.1)2 
II .... 
<1.12 
't,ttl 
It •• ' 
U.Ij .. 
12.1;.0 
11.SI 
l'Hill 
1;;.n 
tr..3J 
1.7,-" 
HI,OIl 
1'1,111" 
: ;,lIt 
llo17 
13,113 
t ... 1 t; 
'It. 1: 
j!'q.,,~ 
1\.1I1t 
U.zt 
!~.o .. 
lfl.!illl 
17.~" 
.. ~.Cr. 
Itl.'!" 
.. 101ft 
1t'S,lO 
.. r..1\1. 
"",fllo 
'I, .'1) 
,>..:,.,11 
,,"lo."!! 
o;S .o'S 
.. .,.0'1 
", .'" 
"1.10' 
"'.f~ 
.. 7.J! 
1" .i/o; 
11.lI 
,"loIS 
.~"2 
.to"" 
.718 
.'''2 
."" 
• .. :IIJ 
0 0 "5 
t. :~J 
t.ll'l 
1.nl 
t.~1I1I 
1.111/4 
1,10,,11; 
t.""10 
t.r.", .. 
1.1tll 
1,11111 
t.q,,'! 
l.IU 
2.311 
z.Ij01 
t .... 11) 
l.''i'' 
!."111 
2.'lI~' 
,.H/o 
l,l'Pl 
1,1'lR 
l.Il, .. 
1.f.lll 
1.liIlot 
... ·u 
... ill 
111,;''11 
1t.1o~r. 
10.""" 
.. ~ ,,,,, 
.. ,flUi 
",:"" 
Ii.HI 
,.r. !1 
'S,'.'!." 
_._---_ .... 
FINAL REPORT 
C'Clt1 
1223 
l'!SI 
Ulq 
l~" 
3Ut 
nO'S 
101U 
Ion. 
un 
,en 
.zu 
1J1J1" 
I)U~ 
Iju.~ 
'ill";' 
't~1I 
6151 
tu .. 
(;~11 
lOS," 
6'5'H 
'iSl 
'7J~ 
67111 
f,"'11 
6n! 
t-~"2 
I&lIhZ 
'Ii' 
"It:.l 
61117 
tI'U: 
6 11 .. ' 
,,,,1 
61161 
,"'H 
'1116 
fl
Q
'" 
." .... 
f.IIl!: 
,""4 
Ht~ 
'P!i~l 
TABLE D5-37 
.1'lC'if·Qt 
.UnE"'U 
.1'Jl6( .. OZ 
.UII:r .. ~Z 
.1414[ .. 02 
.3'105f·:: 
.lonfrlF·C;: 
.ftQCl.r .. 1il 
.J'ZII7f·t~ 
.1~7'l["H 
.UO"f-1I1 
.,,1CIU ... (" 
• l1jQIl( .. U 
~\UJtE-a 
.1ItHf-~1 
.tlll.IoF-a 
.t·'''[·~l 
.llo"'["~f. 
• ''\7 ',f-U 
.Iol"!if-~l 
.'IJ,""r·;l 
.71'lif-a 
.!io;~l£"a 
.1J1~.~ .. tl 
.tll"£-~t 
.1.12f+)( 
.tan+at 
.15\:ftOO 
,Ulllo"-OIo 
.""16£ ... Q~ 
.Ultlt£ ... u 
.pqt;t"al 
,tIJl1E .. lj' 
.uH£"C" 
.t12l[ .. n 
• tnlot"O 1 
.... ,,'IE .. \l3 
... Z .. ~[ .. C 1 
.lq"U"·O' 
.n1I1r-31 
.UH[",01 
.r;/l7~E":1. 
.~", .. [ .. o 1 
.?n'u .. n 
.7U?E-ll1 
.q£onE-Ol 
.11"U--Ol 
.t,,·uc .. ot 
,tCllt'C"CZ 
.tll"'E-'" 
.~l""[-Il' 
.' .. 8U-H 
.:tIoIlIlll(",OZ 
.".:foU-~l 
.102''1£''01 
.liqltliE .. :l 
litH ';r_E"OC .. !tun" 
110£1 STRFS'i .. _£ATEII 
1110 o;fI'f" GIIEUE' 
i!'7.~" 
n •• ' 
11.t: 
n.lill 
H.It!! 
'''.:'17 
~".": 
11.113 
'4,~7 
"l.!I~· 
113.1" 
It ... fil 
Iot.67 
1t,,7"! 
'!ic.n 
'!il,1t 
0;"(1. 
0;10 •• " 
,,7.21) 
r.t.~" fI". ~7 
61.7r 
re.n 
7h"~ 
1f •• 1\1 
7"'.if. 
1:2.510 
tfl.)I.~ 
lHaN ~.q !'TV1 
t"11( loll 1'1'0 
tHAN "It ny. 
tllEf 5.T~B" CIIEaTU 11011", c •• J'fU 
IHFt nor'>'> .. "[.&.1£11 'tt'N ~~II nn 
INn ~11f'i'i ,IIEU£R THaN 10" Ft'I'l 
Curt Sn!s'J. G~UTfl lttaN ~-o-q nn 
UI(1 ~T.£O:;O:; !>!tEartR THaN ~.q FlY) 
tNO '.lUES", G,IIUffR THltro: J." ,.,'0 
(!oWl ~t"E'S'" ,lItUE" 'Ha", :." FlYI 
'loin U'l!to:;'> c.[n,1It THllf ; •• 'HI 
l!tf 1 nor'S'.! cwEnE'" 11 .. llt :.11 nn 
litH ~lJt£$S C"UTEII 'Ha .. .,," ny) 
INFt !i1"[~"1 CIEUU Tit ....... It nn 
CNfl' O::1Ir5.'.! ,,1[lTf" til.", a." nYI 
0-186 
l'>.tO 
2'1.12 
1~.~' 
t't.4~ 
1).'" 
3l.1" 
1~.,,11 
",.It, 
'4. ,~ 
,f.U 
l'1.tf. 
,,~.ljl 
IoZ ... 7 
.... ~ '10 
-.;. " 
"7.16 
_". ~q 
.;~.U 
st,1: 
S'i.ll 
.... 411 
f>l.?1 
611.n 
.,\Io,n 
f.'1.h3 
H.llo 
n,n. 
1".0;£ 
IIIC ElI5S 
DcteIIIr1914 
FRACTURE IlECllAtllCS DATA FOR 
2tr4-TIQ AIID 2124-T151 
!ro'"'''' I, , •• 
.. " .... 
11,11 .IM 
U ... . ... 
u.tI ,It. 
.. ,Il . ." 
It .... 
.." 
..... . .,. 
U •• " .tI' 
u." .,., 
lit" .r" 
..... , .... 
U.t! '''I 
n.tt .,n 
II.n .... 
1t.17 1.11' 
, •• 1' hllZ 
S •• U t.UI 
n .... 1.UIo 
n.n t.,n 
; •• n hSIf 
st.toZ I."''' 
,. ... t,loI)I 
n." ,,-I" 
.. t." 1.'111 
los.al ,.lffl 
Io'.ll la,1I 
10" 'I ... ,. 
.... ti ••• u 
11.111 .... , 
'- 't.,. Z.:t .... 
13.15 ,.u. 
n.!if: r.I'" 
n.n r.zu 
11.1& Z.Z .. 
FINAL REPORT 
TABLE DS-38 
L:dlPI 
OL .... ,J1 11 ............ " ..... ,1I'n!'1, " 
c .. 11 •• ,II~ll"""LTI"h ... •• I'\lIIU"" III'IIIIU •• 
_."n-u ,1I1t1l-1" ... 11 , .... 
'U, 
"Slrl-II • •• ,1-... ",n lI.lI 
.... 
"",,"1 .11111'" u.n " .• " .. .",,1-11 , .. HII"'" "tit tI.H 
.. .. ,n,,,l-" .11."· ... It." tt.n 
tUl 
• .,Itt-U .lfnl"" Ih17 ZI.,. 
.... 
.u .. r· ... _" .. u .. " 11.11 Uti • 
. ... 
.iUItE-1f 1 •• ltE-'It u . .,. II.'" 
"" 
.UIff-" ,,,111-'" 111,31 12,1.' 
&tUft
,1I11r-12 .",,,,.-11 n .... 11,1, 
alftl 
.u.u-It .n"l-tal II." 21." 
uar • 
.1,,1(-" .U"'-II n • ., ...... 
ltll& 
.UltE-n .12111-" u." n .... 
Uln 
.nUE"U ." .. !II-II ;",n 11:.11 
13,,"1 
.J3ut .. u .uu,-., lO.n 27 ... 
un' 
."t,UI-U .inlt'-13 u.u tal" 
u .. ' 
..... u·n .1111, .. 13 n.l' Z9.21 
li,Ut 
_"'If-" .Uz" .. n 31.11 n.lI tUl'I 
.11"r·U .z .. zn .. .., :111.11 11." 1"'" 
.1""-" .Z"'lol·n Solo." n." 
.".1 
,.tlU·" .1Ull .. n 15 ••• U.'" 
"UI 
.nIJu-n ,n .. E·'" noll 311.11 
UIIS 
"IoUl-12- .n.""" 17.'1 310.'" tun 
l"n .IJUU"U 
",n[-u lI.n n.lI 
.utU-1t .IS9U-U JIi .. n 31.11 
,n" 
,'1U .UIlE-1t 
,1o"IoU·,3 ",.'" 
31'.01 
.tnu-u .UUE"" /d." u • ., 
16161 
., ... l£-U .I,.,E"" It,.n n.'U 
tIS" 
.... u·U .lstlE-n u.'PZ ".r. 
tllo" 
16'''' .i1l~[-tl .nUE-., 
...... Il .... " 
.UIIIt·U .,..1 .. £-U .. '.15 U.I" 
"'" 
..... [-u .75,n-13 IoI:.U .. r,u 
tlf" 
,Utllt-It. ." .. 'lIt-., loll" IIT.'li'li 
"Il? 
.ZUIE· .. .,;c'"E-a, 1oI.1oi' ....... 
\6ln 
D-187 
MOCEl153 
Octollell974 
"'-Cl .. 
' .•. ~ 
,i 
~ j 
~'c-r-c"" 
I , 
, . I, 
FRACTIIIE lEellAllCS DATA FOR 
2IIIl4-TI&l Alii) 2124-TI51 
• 
• 
, 
, 
• 
, 
• 
• 
F 
• 
• , 
.' 
, , 
ICCM'" n 
S="1t "rtlt'M 
2.11' In, 
1,,11 .. n, 
:J.n .h' 
lto.1 .11\ 
'l.~1t .19. 
'1.92 .tU f.'" ,~'t 
'F.u .U7 
a.at .1U 
'.11 .JiI' 
'In: ,16, 
111.3. .l'I7 
.0:;. lilt _IIZ1 
U.'II •• " 12." ,ten 
U,'11 ,'I,. 
U.I, .51t1 
llt,I' .s,.. 
Hilt .601 
16.35 .6JZ 
U.III" ••• 3 
11.1, _6'1' 
tlhU .721 
!'!I.n .Tn 
n.n .7'11 
21." .8l7 
21.6' .aU 
non ..... 
21," .,n 
ZII.1.ol .,,' 
n.n 1.ln 
u.s, 1.145 
21 ... 5 hUll 
norl 1.'" 
lc.n I.UD 
n.n tInct ;Sit.,,, hUO 
U .. '" 1."itJS 
]7.11 t ... " 
H.l'~ t.,lI! 
"~.1P 1.6OS 
Itt.91 t.'" 
Itl.l. 101110 
....... , t.", 
1t1S'''5 l •• n 
1t.faU loin 
'''.Oft 1.'" 
11.910 z.OIt' 
CYC4.~l 
... 
IUIt 
....... 
U'J.t 
0!'1Z1 
2171 
IU, 
llolll 
Z"'" 
lUI 
llU 
Z'lIfJ 
n51 
311' 
un 
12U 
!lIt1 
JlJlo 
]]1' 
'101)3 
]10 310 
,10.",. 
, .. , 
FINAL REPORT 
TABLE D5~39 
,,,"]( .. ,, 
• IUtE-" 
,'UU-I! 
.rnu-n 
.Ul'lIE-U 
.1t'!Il£ .. n 
.n"!:-'l 
..... u·u 
.6un-az 
.1""11[-112" 
.!I 21 I( .. u 
.1CUt-U 
.,Io,u·n 
.Ullfr-'U 
.U .. "t;-U 
.USIE-U 
.hfU .. 31 
.iuu-ai 
.ue!£"u 
.uur .. u 
.u, .. t-U 
.l!51E·U 
.~Ul[ .. " 
.:n .... £-u 
.Uh(-U 
.U1U",u 
.,..ft .. u 
•• uu .. " 
.,,,nt·" 
• "'U'-·01 
.5Un:-U 
,'U'E-U 
''''''£''11 
.tun-n 
•• uu ... 
.UUh" 
.""n'-" 
, ... 
.11.~[ .. h 
• .. ,u· ... 
.... U!· ... 
•• uu-, .. 
•• u,.; .. n 
.... u·1! 
,1'5U!·" 
,uru·.., 
.nuE .. n 
.2UfJt:-U 
.run·u 
.271111(-13 
,nUE-., 
,"3I("n 
.,nu:-., 
... " .. r·u 
."UE"" 
."ul-n 
... IU"" 
.ICItU·U 
.usn-or 
.nUt .. " 
.'H1(-" 
.UJiI£ .. U 
..... 1'[ .. 112 
.Ut6E"OZ 
.2'2J.t·U 
•• fIIU-OZ 
'''''1:''11 
.UUt·., 
.UII'·U 
.UJl£·OZ 
.usu .. oz 
.sun-u 
.u.n .. " 
.",Ut .. ,r 
... ,ur·u 
.,.n 
n.l. 
13.1' 
n.u 
n.u 
::'.15 
1 .... 
n ... 
:n •• ,. 
:tII.'11 
!ltU 
n.'" 
U.1II1 
n ••• 
.... u 
101.'. 
uln 
11'5.,1: 
loe.u 
Itf.n 
.... '6 
.... " 
"hfll 
tI • .," 
H.lC 
'''.il 
".te 
Sf.'l 
n.It' 
'1).2 • 
61.i" 
n •• " 
fl •• " 
n ... ., 
".tII 
n.n 
71.:ff 
.IHJE." ."III"U n.n 
• UHr... .6un·" , ... n 
.unE'" 'U'U·U 'f.n 
.zutun .1t.n·u 'hie 
.~,uuu .Utll-U n." 
.lUI['" .... n-.. !h.!1 
• u'Io[-n .... u-" n.'l 
._'.IU£_IO .t"tU.-h llo •• 1 
.UlU_" .UUt-h "alt 
IIf£T suns GW£lTU t ..... t." FTY. 
D~l88 
If .... 
.".n 
zl.n 
n.tZ 
Z .... , 
Zt •• J 
''''tS 
29.U 
111.,.-
1i.1I 
U •• 1t 
lIt.t! 
1".JIt 
u.s, )7.'" 
1I.n 
SII.·" 
.. ,," 
.. ,.,., 
U.a. 
Itlult 
.... r' 
.... tl 
,,1'.1' 
....... i 
.... l5 
... 2'1t 
!Iil ... , 
't ... . 
n.1I 
n.66 
'-'.ae 
u.n 
J •• n 
tt.U' 
".Il 
~".6' 
".tt 
u.s • 
, .... 
1'l.15 
J'Z .... 
n.l' 
1S .... 
16.17 
7 •• n 
IIICEIl53 
Oc*rlt14 
'>::::1 
1 
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1 
1 
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'I 
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>'1
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~'>' 
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• __ TIIl AMI 2lZ __ Tl5I 
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!flO' ""'Ii. ,. t • 
1.lft tUt _ 1_ 
• til 
.... ., .. 
t." .111 
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,.It .If. 
•• lI 
.'It 
••• 1 ... , 
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''''it 
St ••• 
."''' U,I'" 
."''' u." .'U 
, U.:IJ .sr, 
, t4l.1I .... 
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... tI I'"~ 
, tI." .... , u." .7 .. 
, tt ... .rn 
, tI .... . ... 
, Ii.ft. .... 
, II." .... , , ... " .... 
• It.u hln 
• I1.n t •• " , n.u Itttl 
, II."" t.alt 
• It ••• I.", , JJ.PI ti'"~ 
FINAL REPORT 
, .... , 
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.10 
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tt ... 
tn, 
UJJ 
tu. 
U" 
IIU 
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t'" 
"" tU' 
tit., 
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FINAL REPORT 
TABLE 06-1. SUMMARY OF SPECIMEN TEST CONDITIONS FOR 200 CPM TESTS OF 
11.47 mm (.450 INCH) THICK 2124-T851. 
Test 
Temperature Stress (OK) Ratio 
144 .05 
.50 
298 (Argon) .05 
.50 
298 (Wet Air) .05 
.50 
Test 
Direction 
L 
T 
L 
T 
L 
T 
L 
T 
l 
T 
l 
T 
SDecimen 
I. O. 
4L4-456-1 
4L4-459-2 
3T7-456-1 
3T6-459-2 
4Lll-456-2 
4L3-459-2 
3T2-456-2 
5T4-459-1 
41.12-453-1 
4L7-456-2 
4l7-459-1 
2T2-453- 3 
3T1:-456-1 
1T2-459-1 
4l9-453-1 
Sl4-456-2 
4l10-459-2 
1T3-4S3-1 
ST3-456-1 
3T2-459-1 
4l9-453-3 
SL6-456-2 
Sl6-459-1 
1T3-4S3-3 
1T5-456-2 
2T5-459-2 
5l2-453-1 
4LlO-456-1 
SL4-459-1 
1T7-4S3-2 
1T2-456-2 
3T4-459-2 
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Data Table 
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Ofi .. 8 
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06-15 
06-16 
06-17 
06-18 
06-19 
06-20 
06-21 
06-22 
06-23 
Ofi-24 
06-25 
06-26 
06-27 
DIi-28 
06-29 
0fi-30 
06-31 
06-32 
Ofi-33 
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06-2 (b) 
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06-3{a) 
06-3{a) 
06-3{a) 
06-'3(b) 
06-3{b) 
06-3{b) 
06-4(a) 
06-4 (a ) 
06-4(a) 
06-4 (b~ 06-il.(b 
DIi-4(b 
06.-3(a) [I6-3(a) 
06-3(a) 
06-3 (b) 
06-3(b) 
DI'-"I(b) 
0f)-4(a} 06-4 (a 
06-4(a 
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06-4(b) 
06-4 (b) 
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FRACTURE MECIMIIICS DATA FOIl 
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Test 
Temperature (OK) 
422 
450 
478 
Stress 
Ratio 
.05 
.05 
.50 
.05 
FINAL REPORT 
TABLE 06-1 (Continued) 
Test 
Direction 
L 
T 
L 
T 
L 
T 
L 
T 
0-207 
Soecimen 
I. D. 
5Ll-453-3 
2T8-453-1 
5Ll-453-2 
4L8-456··1 
4L2-459-2 
2T5-456-1 
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06-4Q 
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",'~" r '" '~ •• "7 ..... --'" ~ ...... ""'~, ""'-"""~~"'f...-.ri."~""'''''-''''''I'''';''~=-''-'''~'~-~'~'~'"i'"'l'"' "'"'"~' .• ' •• ":o:.!*," •• "",~",". "" .."";-:-0 ..,11' •. \11(o',e.""' .............. y ....... , •• ,.. 
----_ ......... _._... -
FlIACTURE MECHANICS DATA FOR 
2OZ4-T151 AND 2124-Tl$1 
• 
l.'I1 
'loU 
li.lJ 
,. !I 
'1021 
lJoSIt 
U.12 
12.on 
1 ... 15 
1!.~1 
ltd7 
18."'~ 
21].1'1 
n." 22." 
27,"1 
12.li1 
3 ..... ~ 
111,,,2 
1. ~,;. 
~.I>l 
HoP. 
11.: , 
ll.~ , 
I ).~~ 
1'.11 
!t.r . 
.,,, .. , 
." ... 
.llla 
.lltll 
.Ut 
.162 
... lS 
.,,61 
.~~'J 
,'5$7 
.613 
.66' 
.132 
.1'J~ 
.... 9 
.n? 
1.1I79 
1,lll~ 
t.J'J$ 
10512 
(PUll. 
.1013, 
... ~l 
oj 1 .. 
.~t_ 
t.: ~~ 
C¥CLEl 
3[61 
IoSlt! 
Slo'~ 
SQH 
62'30 
.. lIt'J 
610U 
6"" 
'~1 'I 
6~ .. q 
60;:10; 
65'1' 
fiU£-
6f !] 
6(,)1 
6tlo2 
6h6-
6' .. 1 
6H,., 
(Vrl'$' , 
FINAL REPORT 
TABLE 06-2 
....... n·.,-
• 7tu£-a! 
.1101!D£''0l 
.2un-02 
.!lG1tl!-Ol 
.n!lC£'-C2 
.HlllE"OS 
.1!'i6[-11 
.un[ -0. 1 
.101762£-0.1 
.133'1£-111 
• '17~E .. al 
.nUE-a 
.nIo1EtC) 
.16"lE.a~ 
./OlC3E·'. 
.127lE.Jl 
.tUIEta 
.1oJ.a~E"J1 
.1634[·'10 
,l~'7£-CIt 
.t7IiJ£-o.. 
.11'51oe:-n 
.1'J'I6£-01 
,3SU(·Ol 
,UHf-C1 
.16"o;E-01 
.11771-02 
.U7!5E'"'az 
,2un"lIi! 
.UUE·02 
.2'183£-0.2 
.16&101£-o.l 
.6(&3£-02 
,1655£-01 
.!iChf"U 
.15:!5("01 
.1f,7SUCt 
TABLE 06-3 
.1I .. 1lE-11 
.21~~O:-'~ 
.J~'l~::-U 
.lot~1E-1Z 
.1I1~t~-ll 
.1Z""'-~ l. 
.HIH-H 
,Zll"i"H 
.?;;-SE-l1 
,"",Hr;", 
.1 " .. " ~" 
,,. ~.' -: l 
."-~":f+); 
,j:bk'~l 
0-208 
.JJllf-~1o 
,eo;~"E-O" 
.10; Jl£·. J 
011\51!-,"1 
.1~lH"~! 
.. 'i1':t-~i 
.111lE-~J 
.H.,tt-tl 
t.'<:~,;,-~" 
,,~n(-," 
.hl\.,t:.-,l~ 
.llllh,-.~ 
.IIIoS~€-:l 
.3"1~['-:1 
.lh;! I~. 
ZD.'" 
21t.I' 
27.610 
u ... 
n.u 
lli,"" 
H.'~ 
,,0.1t1 
102. ,~ 
"".811 
,,',01 
"'!,22 
51./oQ 
51,'51 
'HI.21 
'~,!lO 
1;/0,-,,0; 
6C;.l'9 
r?1i1 
11. ; .. 
l' .• ,~ 
17.H 
1" .;" 
d.':if 
~;>. 'l" 
..... ~r 
"'.1 ~ 
~ ~ oql. 
~).,,? 
;h,ll 
-'!:1.~1 
, ... ," 
n.n 
lI'.12 
t5.16 
llll.1II 
to.u 
33017 
n.llt 
:sr.n 
31.93 
100 .~" 
102.79 
.. 101.7 • 
1016.11' 
1o~.6'j 
50.l' 
'i),6'1 
5'1.n· 
6Z. ~1 
6'5,9'1 
-Zio.~;: 
<",f,G 
H.'" 
J~.loo; 
1 .. ,:, 
3';;''111 
n.", 
lQ.te 
IoQ.11 
Iol.U 
10 .. ,7'1 
.. 1;. )0; 
"1I.f-& 
!it .ll 
"".:2: 
61, ~ .. 
IIIC ElI53 
0ctaIIIr 1'74 
i 
I 
.~ 
.:;_ ...... N_~:=~:.:U:,~O:. :L;"i~~~ii'~~~'*~:=#~.~;,::;. ;:: .. ;;:~.~, ~~.~:~;!f.U~.jQ~:~,:,~'~C~htl~~~&~.:C;ii9n~O;;,'$~M;.~h~ .. ~.~~ .. !:N:"'; .. ~:;.:.:; .. :i'~A:'.'ffi;·~':.~:.~7~il1~,i""~ .. . "~<f.,".~;rr'<€ol' '.',.-3,' e~.~'t: ... '4ii.,~:~r:~'~,;;'"~&tL·~t4~. ii'~' .~I.';¥."iiJ~f.'." ,~lJ~ 
r· .-.'.'_. r " 
~o 
FRACTIIIE MECHAIIICS DATA FOR 
ZOZ4-TI&I AID 2124-TI5I 
Itlll .. , 
tUCK lHtGfH 
.. .n~ t ••• 
loU ,121' 
:t.76 ,1 .. 1 
Io.ll .1'(. 
... n .1" 
S,i2 .211 
-;.t9 ,210" 
6.n 
.2'" 
'f.llo .n: 
H ... J ,.,1;.1 
IfI14lWI 
CIIA",1t Lr"G'1t ::~~ .f'! .. 
.... 11 ,lat 
C'Cllf 
tnt 
21.5 
un 
311; 
3'lU 
1_'" 
10('11' 
1o~26 
loCH 
FINAL REPORT 
TABlE 06-4 
.. ",~i~uc."on'''U'hCL[ 
.ZlUr-n .t.rtflE-'" 
.6neE-J) .Z .. 7U-e.. 
"II1'E"01 .1£11£-0" 
.21ZQC-Jl 
."ibE-'!" 
,ZU"';-O! .UIoU-t!l 
.ll1I1E-Ql ,lUIE-02 
.1Ut£-H .hOlE-OJ 
.:!J .. ,EtaG ,81011£-02 
.81101(1:1 .31Uc.lI 
'0 
. 
TABLE 06-5 
0-209 
.. ~it\~t~l~'f5S ~=I[~~ill1NI 
n~II" lf1.C5 
zs.t.t lQ,f1 
U.tf: 21." 
ZI .. ,,'! 22./0' 
,u.t7 n.'l 
14.H 2'5.10' 
1_.~7 '''.82 
12.64 1'9.710 
IIfI'''II "Io.n 
tHUI5tDf"~ H'f'JlSt'" 
"PA '<;Q~T("I I(~l "~"'nIH 
i!0.~· ~T.12 
IDCEIl53 
Octoller m4 
;! 
:'. 
-_.1 
FRACTURE ':CIlANICS DATA FOR 
2024-TI&I AND 2124-T851 
, 
fr.tll 
1.U 
~.u 
'h'lt 
11.11 
12:.7l 
, .... , 
1~.'" 
11.11 
14, " 
n.n 
It.o;c 
21.0Z 
"Z1t.14 
l~. CI! 
;!'7.'l. 
h.qq 
.in 
.1U 
.lloO 
.us 
• He 
,Ill 
,Iolt& 
.SH 
.5~~ 
.M" 
.61oi! 
.7t" 
.PH 
• "lot 
.'1Ji:. 
.'1.Z 
,.Dll 
l.ot 
hiT' 
(Utlf LIt-f.'" 
z:~: .l~z 
J.l' .1?'I 
101~ .F~ 
Io.t;~ .ltl 
;.n .Z:~~ 
'10 t ~ • !Iolt 
~. ,.. .~(,1 
11.101 oIh 
q.f;~ .]P1 
b.U J"ll, 
11.~i! .~:;7 
1,.:t .'>a 
".H .;.:;!\-
t~ ,o;t ."~: 
,T."'! • ':IV; 
t~.4': .7~~ 
~· .• I~ .tl~ 
;Z.7i!' .1
'
, 
FINAL REPORT 
ncui 
UIo'51 
21'Pi!-
2",11 
t5ql, 
ZHU 
ifillS 
zr:Uf 
1110"0; 
H~8G 
17fl\! 
lll'U 
21,9'1 
",Clll 
"'16t 
~'''U 
2_C " 
iRC"" 
lilt OS] 
cRt liG 
n'i~ 
lloS'" 
111+1 
]'It ! 
]Qa~ 
]Ql' 
,"r,~ 
,Il.~ 
,v l~ 
lotH 
TABLE 06-6 
IILU·' ...... 
LO:I'ltil"1 . .,' .. , 
.II:!',=: IIt.I"CII 'j' e 
.... , ... " .... u'u,vum 
.UIo!!-11t 
.u..,£-n 
.107'11(-01 
.UU£"~I 
.H5ItE-U 
.h"Ct·U 
.11"[-12 
.811,,[-n 
.13'#)[-111 
.1368£·01 
.U5Iof .. n 
.l!IoI\~·U 
.tHn-Ol 
,nIlllE-OI 
'''210~[''01 
.Utlot"at. 
.5~"U"01 
.unhD~ 
.'H!'C-D1 
.UllE-n 
.,,.,,l-n 
.1IAn-,,. 
,nn,-,,. 
."UC-1IIt 
.UIIII-Dl 
,lZII6E-U 
,Jlolu-n 
'''ItU-OJ 
.,utl-n 
."o"lE-n 
.tiItItC-1! 
.unE-OJ 
."I1'U-03 
.1"flU-Ol 
.unE-(lZ 
.UlU-Dl 
.u .. n-o? 
,lf04E-n 
TABLE D6-7 
."ac~"-03 
.'IHC-OJ 
.IHI!;-aZ 
.Ht.~E-02 
.""UIC-Gl 
.liu'u;-H 
.Hu,e"u 
.z~t.,,-u 
.2IoSSE-31 
.6!"~£"'U 
.PhU"" 
.U7~~.(I' 
.. ~U";"ll 
.t1HF."D~ 
.lo~HE.(lD 
.H&'iE+U 
.~."1"+11 
0-210 
.H'UIE-Clo 
.~J9SE"'\I'" 
.liI6U-01o 
.l!Il21-aJ 
.uIon-U 
,2JliDI-n 
,11'11[-112: 
.nlo!!-" 
•• 6.,£-01 
.. Z'i,n-oz 
.UP5£-112 
.00ootE-1IZ 
,1I"'aQ:E .. 31 
.'UU-02 
,laln-Ol 
.U'JC'-!H 
,11,"£-Ol 
11.1'1 
u.,. 
11t.&9 
u.n 
• t." 
U.'Jt' 
1'1.9' 
U.ll 
n,II' 
Z!o'J' 
llt,ltl 
n.n 
u.,,· 
2: •• 0. 
l~,lI.i: 
u.'Q! 
H.3" 
n.n 
9"It iI." 
",.1 
••• n 
U.1l 
16.n II." 
".lI ,.,., 
Zi.101 
ll.it 
u.zz 
ZIt.lt1' n.,. 
If .. n 
!P.lI 
u.n 
n.n 
lhU 
CELlA'suns t"''',"51':''f' 
.. PI '''1~1t''1 ."1 !D""INI 
,.,\l 
lS.."t 
I r.D" 
If.llo 
".ff 
lO.'I4 
,H.u 
, ... " 
a.~10 
n.n 
~'i".,~ 
!D.J,1j 
U,S'" 
310,\11 
3'5.111. 
,~ ."" 
H.101' 
1l.85 
ilo.lI& 
Iii.", 
t ... n 
l'.n 
I'hl' 
lD.71 
z~.<J6 
n.ltlJ 
~Io.IJO 
~f." 
l1,'0 
~q~63 
n.n 
l2.t1 
n.lo" 
'SIo,.$ 
IDCEII53 
1Ic*1'14 
, " 
" j' 
/ 
/ 
FRACTIIIE IECItAIlICS DATA FOR 
2GZ4-TI&I AND 2124-T151 
I""" 
=,el( LU'I= t." .• , 
J,lI .UI 
s • ., 
.nlt 
•• !3 .u. 
,.U 
.1. .. 
1.11 .... 
,.el 
.'17 
U.'f "'3 
II-I"lh'l 
~="Clt U"'I= 
2.11 •• ,. 
S." .UI 
.. " .UI 
•• I! .... I." .Zlt 
eYeLEt 
,n. 
.. ,. 
..". &ftU U,,' U"' UU, 
aWCllS 
• IU, 
Z." 
'It" 
"" 
FINAL REPORT 
TABlE 06-8 
AmiUiI 
,n:!'.r.' hl:il:lji 'loC~ 
... n ... s •• " ......... II·U. l!~11 
.U1lf-U .lt12I1-11 
.nIIE .. ' 
"'''E·'' ••• ur.iu ,;",61:-,. 
""&£-12 .U'M-'" 
.ultu .. n • 'illitE-OJ 
.UII'·U .,,_Itt-ts 
.UltEt" .nzll-U 
TABLE 06-9 
.. ,m!I'''/''L't4'~,c" 
.lJt2[-1I 
.... ,,·u 
.'"If-ll 
.unltll 
0-211 
.... n·., 
• .n",-... 
•• 1IK .. U 
.Ulll-1f 
lI.U u.,.. 
12." 
lI.U 
, .. " 
tI.'" 
lI,tII 
13.1t' 
,It." 
"S.I' 
U ... , 
'.J' 
1' .... 
11.M 
til" 
u.u 14." 
tIIo." 
u.n 
13,27 
lilll." 
n." 
IDC ElI53 
0cI*1'74 
I: 
j' 
I , 
f, 
! 
FRACTlJIE MECHANICS DATA FOR 
2024-TI&I AND 2124-Tl51 
,C;IIr.~ Ll .... Gt" 
"'.. 1'1 J.1I", ,110M 
" •.• " ,11,'1 
... 19 .1~'1 
'i< ... , .lU 
"'.'d .l51' 
'.q .U'I 
~ ... l ; n~ 
".'" oJ",. 
'i, 1" .J~ .. 
I. • .:"& .'t ... 
It.l~ I .... !> 
H.~: ... ,: 
1~ •. 1 .HJ 
13.h" .~17 
l~. ,~ .S(.'i> 
H.]. .,>,,? 
11, .. /1 ."'ill 
111.110 ,1J1l 
l: • . ; ,79. 
ll • .:'10 .nt> 
.?l ... 1f .'!I~ 
l.l.fq .n] 
lo;. .. .98& 
lo"'~ 
10.71 
.. , 
, ol~ 
~ ... t 
J.H 
u.~, 
: ! ... $ 
l~. ~. 
tt. ,~ 
14. ~ 
t"'. ''l' 
~1, .. , 
l" .~" 
1'.1" 
10 ... :1 
fhll. 
o(lHUI 
• rt. 
, ,,~ 
C'Cl-S , 
<'{'Hi 
n~t­
",:" .. 7 
~"l , 
qq-, I 
113 H-
t2f 7~ 
Ii'fll 
1 J~, ~ 
Uo; .. l 
lle ,? 
1101'1& 
1IoioH 
11of- .. t 
1 .. /1" .. 
lStti~ 
15": 1\ 
15f~1 
ISH' 
IS'!'! .. 
I~L!~ 
l" ... t;-
1F3ll\ 
", . ~
c"rt. 
.,,\ ~. t 
~I .. ;' 
,,:'t ~ 
10; '>t 
~-'31 
,,'0;7 
;"'dT 
Io~< 1 
~LH 
""'1"-
FINAL REPORT 
TABLE D6-10 
[I,l UIAI/()(L TAINI 
"'"'C¥r.lf fN/G'CLE 
.~'!i"~·n ,9~IIIE-'. 
.:J1-~""J1 
.~~qlE-~J 
.IoHff-~f 
."l~'lE:>··: t 
.7JII~~·.lJ 
.1J·,II"-O~ 
• 1l2~f"02 
.1 ]10"£-;1 
• 1'illE-(? 
,2-!'-'M"·n 
.210'11£-0<' 
.2H'I"-'2 
.h1'1E-U 
.JHSE·U 
,1I.1!ilE-P 
,Io'le '-'E·G ~ 
,5'17JE·.~ 
,1<ot~(-~~ 
.oH~~-~2 
.!72'!E-ll 
,1] .. 'j.E·~1 
.U[2E-Jl 
.i!1lEE~Cl 
.1">lU:·~ .. 
.1"'.£aO .. 
,1"11, [at If 
.... rllfa:~ 
.l<l'l .. t.·~10 
.1I1",.,t-e .. 
.1I1o~H-~ .. 
.52'UI:;-~ .. 
,'5])i;-t~ 
.Ull£_CT 
.lJa:l~E-a .. 
.9'Ult-te. 
.t:JD7E-Ol 
.1?!'1E-H 
.15'1"E-H 
.;'9He-al 
.Zll~Ew';'l 
,2'1"'E~;1 
.Z~~8E-Ol 
.J~l1£wCJ 
.52'1IoE·)1 
.11132£-, ~ 
.,nOE-OJ 
TABLE 06-11 
• ! .. r;f£_~ 1 
.1 .... 71;_G~ 
.HIllE-'J? 
.1IJ<j~-.: 
.li"~E-;'? 
.1~rt·' ~ 
.1 H«-71 
.Uc:,~~-:I 
."ltt,· -: t 
.1.<nr·H 
.no£-a 
• l!11£-~1 
,HIo1£_01 
.1'P~E'~J 
41'l'UEgeJ 
.1?3~['H 
.51'itrtH 
0-212 
.nl~E-~" 
.o;"~l\f-o. .. 
.6{H'E-~ .. 
.1<'34';'-,' 1 
.I"iltw.' 1 
.111'>1:.-: J 
."' .... rt _. " 
.5J .... ~_; T 
.~ \ ;:j"t: -: l 
.Ull7~.· , 
,"I!:I~t .. t:l 
.1l·HE-Q~ 
.1la~[·n ... 
.1°'7E"01 
,77~t'E-Oi' 
.teUf"h 
.n1H'O~ 
.nli7f t OO 
10; ... , 
If .lr. 
11 ... 1' 
1 ~."7 
?~., ' • 
N: ,lot 
~ r.l~ 
'11.11> 
;"II.U 
l'!.'il 
J! .!It 
!I. ''I 
3<'."'-' 
)10.11; 
J~ .ZIJ 
H.n 
31 ,loT 
H.Ij~ 
101l.lIe 
<'~ ... ~ 
:"3 .. r.'l 
1"'., .. 
!C .1'1 
5 .. , .. , 
(101;1 
~ t.lo::t 
h."f 
';1~11 
110.0 
110.114 
1<;. '11'1 
17 .17 
;'11,111 
1'1.1.3 
'-': .7 .. 
i'1.~1 
n.H> 
Zl.G1 
1 ... ,3 
Z .. ,'12 
zo;.l'Il 
'-'~.lP 
",6.115 
H.lI!> 
Zft.1J3 
Z'Io<l9 
31. ~! 
H.ll 
3h~9 
310 •• 6 
35.~5 
l~. ~ .. 
71. ~t. 
llo ... J 
<'1.12 
"".~<, 
) 1. I~ 
I ... ' .. 
it.' 'f 
J~. "' 
101.2; 
"1.0;<;1 
If~. Ci! 
l,(i.1T 
1Iq:~~1 
"6.C7 
6h16. 
"~.111 
IIlC El153 
Octallel1974 
"," E IS 
ORIGlNAL P~!iT1 
OF pOOR Q 
r.l'fI,.' "r·, 
~. . 
t 
• [. 
U 
T, -r"'''''''' . 
I 
FRACTURE IECHAIIICS DATA FOR 
2G24-T161 AID 21Z4-TI5I 
lel" .... ' 
S:ACIC U,.GI= 
2.U I n 
ioU ,1111 
If.'1 • .&u 
".n .151 
, u." .. ."u 
u." .'27 
,=11;1( \'tH[jI~ 
1." • 1t1 
... l! _11111 
.. ," .za 
,.". ,l,1I 
,"n .,u 
Jt1.4l 
"'" 
""It ,'ll ,._1 11" 
.. .., 
,"'1 
U.~t 
.19' 
H.18 ... n 
!t ... .",n 
u." _Iorr 
U,7I .,~. 
U,Ji. ,tl41 
u.eo ,'''3 
U.I'" ... , 
it,It' ..... 
n"", .... 
".h .n. 
"""I 
'. ... 
'" 'n 
'" 
C.CL~f 
)CI,,, 
18H 
4U'I 
ill10t 
UISI 
,,4h 
1ltfU 
111"'-
It ... 
n," 
",u 
Uuz 
auu 
17t11 
.1U7'S 
", ... 
17155 
nt3' 
U3U 
FINAL REPORT 
TMLE 06-12 
,U9IE-I& 
." .. , .. n U.1tO !J.l! 
,inn-" .u.fEOon 111." n." 
,tun_It 
.UHl-" .".11 .:s. " 
''''''(''0 .tun .... n.ll 1l.4' 
.11f,!lCE.'1 .lInt"l1 n.n '10. ,. 
TABLE 06-13 
2ft-U,-, 
,n£Io;::~~ \lI'iSn~"N(& 
UGOH 
2"''1,8 I( 
lU:~~,,~: h~!l"n~ 
20''' ~~~ 
JIt.' , ~,. SO"TlMH 11.~6 w:HI!~~.Hi~n 
"",g~~l~IAI'DfL TUn'Clf. ,piE~~Ui~~ESS Q~Ir~~iJ1IN' 
.t"'IIE-liJ .6Ulf-:'i- h.1 r n.n 
.Z7:!'H-n .t.G11£ .. ~1o ifIll: 110.15 
• 101l,IoE-'3 .lUU-G .. 17." l'!'t."" 
olltl,,( .. n • u.et-C4r 1!.!if • lfooal 
.U?,E"QJ .l".,~[·t:1o U.loq 11.13 
.6 Ulhll .Z"I1£-h Zt.ZI! IS.Io6 
.11~f[ .. U .J4I6aE-h U.~I\ 1111.]t 
• U6U"., .UUE-' .. '12.",' :11.101 
• 9U.hH .U,u.-e_ 21.] • U.:II 
.Hur-U .UllE-1/o :11.16 21.'1' 
.u.s,,_., 
,OClU-O" lII." !Z.n 
.2IotJf"'U .11526£-010 n.'S3 Zl.U 
.ueIJa-on •• O'lt .. OIo 211.110 n • ., 
.2un-", .urn-lil 27.1", 2 ... 61 
."nfl-1lI .1un-" l7.U 2'5.11 
• .s"tU-ll .1un·03 u.n 26.DI 
·"'fU·U • 1121(-81 r .... 2P.U 
.1UU'.,.U .lIoUE-DJ 3htl ZI.t. 
,"nhfl .3IoSU:-DJ n.ll U~Io' 
0-213 
IOCEII51 
Oct_I!74 
I 
k" 
FRACTIIIEMECIlAIIICS DATA FDR 
2024-T8&1 AIID 2124-TISI 
<1'1AlCI 
cue .. , "roN 
., 
.lii !. i~ 
1.1! .110 r 
It,n ,tl .. 
7.r" • J:':i 
~. Pi • )I.~ 
<j ,11 
• J)'i 
U.l1 • !oJ? 
\ion .. .lir,~ 
[' _.-: .. L·_"Gtl' 
"" 1'. :.~. .l.l 
C'fCl,(o; , 
,,' 
." 
H'51 
10. 
tflo" 
Uq·; 
t 11'1 
FINAL REPORT 
TABLE 06-14 
,,",~~~l~ 'AI/CEl.' t~'hcl.t 
.UhE·~Z ••• 'U-o. 
.2H~f"tU •• "6[·" 
oltu:?[ .. p .,Gut_DJ 
,tl'il["l1 ..... n .. n 
.7U1(·H .,Ju,Io[-n 
.IoU'S!"~l .17lon .. u 
.HUE.a, .7SnE"O~ 
TABLE 06-15 
0-214 
.. ~i£\Un~1£SS Ul'~81'111f1 
ZI.n U.OI 
t •• 11o U ••• 
"'i.n lII." 
!l.U lO.l'! 
1 ... 6. ,,,U 
n."" . '.ft 
Ioht!; '· .•• i 
1IlC£\153 
0CIIIIII1974 
1 
t 
f 
I 
I 
, 
i i ! i 
~.. I U 
FRACTURE IEC"-"tCS DATA FOR 
2OZ4-TI51 AND 21. \-T851 
, 
, 
, 
, 
, 
• 
, 
, 
, 
, 
, 
, 
_I(IMU, 
CUICK 
., 
ft.7l 
7.lt 
7.111 
1.540 
e.ct" 
'j.7l 
1~.Q9 
1'-lill 
11.11 
.12,;1 
U.~: 
13.~40 
110.31 
h.~'1 
1!.6'" 
1~. J1 
11.~" 
11.11 
U.2~ 
1".~& 
1'1.;; .. 
!l.~J 
?2~;?f, 
21.a~ 
.!II.Q.. 
tt • . ~ 
J ... 17 
17.~1 
j<J. ?If 
.. 1.1-
'OS.,", 
.. ~. ,1 
~'hl .. 
~ •• 110 
h.'~ 
':>? 'a 
" ... JJ 
,~ .. ~ 
41 • .,.3 
;O;:dl 
.. 1 ... " 
Ii'hH 
.,7.~" 
1 4 .1 1 
110 ..... 
1l1.n 
LEN"" .l~s 
.tU 
.l~' 
ont 
det 
.n1 
• /021 
,,,"10 
... &Z 
.IIU 
.512 
• ;ill 
,0;6 .. 
.<';8':1 
.&11 
.&Io~ 
,071 
• r,ill 
.'1'1 
.1 .. J 
,171 
• U& 
.Hb 
.ll9 
.'n·: 
1, ':710 
1,]0;, 
1,,.71l 
1.:i .. 7 
l'<11~ 
1.111 
loiH 
1,1"1 
1.lr .. 
l.u] 
l •• 1& 
r,n, 
'l ... ll 
2'.iU 
2.on 
1.1,,1 
1 ... 11 
1.'>U 
J. oI~l 
].7~$ 
3d7 .. 
c'tCL£i 
67U 
11010 11 
U2009 
203&, 
tUJ7 
!51041o 
tin .. 
27101 Ii 
?11I.,,1 
2'if :'1 
19loif:o 
lI( ,9 
12]Z2 
!3~V 
nfi~ 
~"Z11 
T,,~q .. 
151 !'e 
~S'SH 
15 11 '; :. 
J6~ .... 
!711S 
H'!~ .. 
l7Ul 
1111"1 J 
11\7~1 
1qe; J 
1'10" 
]qZ ~l 
1'1:0 .. l' 
l'n~l 
1010<;. 
1'1~ ~? 
"! tflo 
JQ"':; 
ll1f; .. 
Hf;-2'Io 
l'1t ;~ 
1'1~ ,,, 
IQ1t.? 
1'11 .. '1 
l'ttr"-
T111l'i 
H~H 
'9-1"'" 
1'1/1, : 
'9_.' 
FINAL REPORT 
TABLE 06-16 
M"/8~H~ Ill/DEL' ~~~~YCl[ 
.6,n~·oc. .273U-05 
.,nU:"1I1o 
.lU7E-03 
.n~JE·"1H 
.2'1"[-01 
• .,3g,f.:-0l 
.It,eC[-OJ 
,us"r-JJ 
.5i!S~E·n 
.6111'E"~ 1 
.6210'''''01 
.7l1"E-n 
.U-11o["';'] 
.957"'[-113 
.1U"E"H 
.Ull[":Z 
.1-.ZZ[-J:! 
.lllU,,)? 
., .. PltF-}Z 
~ln1<:-'Z 
• .u"h-O~ 
.z,,';c:·n 
.H7l,"-n 
,"6 .. 1<;_:;0 
.o;ll~F·02 
.'1'[;J£-iZ 
.1l~I'IE-a 
.1U'~"1Il 
.2;11£-H 
.ZQ1: Ihu. 
.]j~2;".1 
.2V'£-~1 
."'i!I<J£-H 
.hl1!-a 
.41t'l~-C1 
.H11(-"i 
.S'iSU"~l 
.71H<:-~~ 
.1J2i'f-a 
.~1~1£":1 
,,11;-,,1<:-'1 
.U"Jf.~ 
.l~Zlr-~ , 
.h1'''-a 
.s ;lIlf,; 1 
.'a
'
;::"-: 
.6~~.~.a; 
.H~k+a 
0-215 
.3USE-D5 
""27E·25 
.74UE-U 
.UhE-'" 
.U'UE-'!" 
.U2U-0" 
.ZIo6U-O" 
.2tHE-a.. 
.!Io3t.[-h 
.21051[-~'' 
.2169[-11" 
.3IoSSt-'" 
+l"'~[-D" 
• "nu-~ .. 
."61015£-~~ 
.J5q7E .. 3" 
... 1S2E"oloi 
.SII:l£"C" 
.7Io7a-h 
.q .. hE .. O .. 
.9725["011 
.1 .. 'Sf-Cl 
.U2!1E"~l 
.,,111["0'" 
.38Z.£-H 
.SJ .. ~£ .. u 
.6(.111£ .. 01 
• I1fi1E"O 3 
.thff.-H 
.IUU .. ,. .. 
.1BlE .. Ol 
.210.11(-02 
.ZIl,.t-U 
.lU&E-1:2 
.1'S~ .. £-rz 
.2l"H"U 
.2 0 ':;[--2 
.Z1'i'i[-~Z 
.2]11"[-02 
.3351£-til 
,103"5~·C.Z 
.7'J1J'i[·~Z 
.SIl,,1["H 
.lr '5E'O~ 
.nsa-It 
,2n~£ .. Gl 
.IIo".tt'!· 
11.67 
11,07 
u.n 
U.'J1i 
u.n 
n.'! .. 
n.IoJ 
U.71! 
11o,6S 
11o.IIZ 
11 .. 711 
15. If 
15.51: 
1,}. It 
1t.~ • 
16.&10 
U.ill 
\ l'.:r~ 
17.57 
1l'.'U 
l~.IoJ 
l~.llo 
19.&Z 
I. ,I" 
1~.1' 
~l,II" 
~"i.?l 
..... 11' 
Z~ ,II" 
Z!.ll! 
l~.U 
l~.?l 
1~ ..... !t., .. 
:t./iiP 
1~." 
,z,.~ 
Jl.~! 
h. t? 
n.," 
U.1t 
11,1o'.! 
IoZ.S'!. 
101.H 
.. c.11 
;1. 7 <1' 
lil."'· 
SIo, 'II 
'.71 
u.u 
10,\2: 
lD •• , 
u.u 
11.71 
U.ll 
12.51 
12.1 • 
U.12 
U.105 
11.e~ 
h.t'!' 
110.47 
tt..u 
n"10 
15 ... , 
15.73 
tl! .'" 
16.n 
H •• 71 
1 '.J;? 
17.~6 
lll.lor. 
111.1I! 
2! .,,~ 
22.0;15 
n," 
210,101 
Z5.5C 
"'i ... , 
l" .. Oi' 
U.?5 
1~." 
l').la 
n.~, 
3t .104 
tt.n 
ll .... 
l~. " 
11o.U 
U.1l 
101.101 
IoS.!'I 
101.lD 
IoII.,l 
.. Q.9o;; 
, GF 18 Uhllilt-;AL PA 'fi 
of POOR QUJ\LI 
IOC ElI53 
0cI0tIIr 1'74 
; '~ 
r 
,'. 
l. 
... 1: 
FRACTURE MECHANICS DATA FOR 
2024-TI61 AND 2124-Tl51 
J. JP 
"',H 
~oi'S 
".11 
t • .Jt 
'.I •• 1 
1 ... 1Q 
11.17 
11 ... 1 
l].~S 
tJ. ~ 
1~.,,,, 
1 ~. ~ 
li.l1 
~, ."1 
li •• l 
", .., 
Zbl'> 
ZO,o;: 
!~.U' 
17 0 .. 0; 
... 11 
.~~1 
,ill7 
,1'i' 
.Hl 
. ".7 
.1?1I 
1.}J1 
1.1U 
l.ut 
I.Z111 
l.n7 
1. j"~ 
toll]'> 
t.htt 
FINAL REPORT 
nn- "; 
I 
nr; 
1~ tl" 
":71 ~ 
'0; 77., 
~n", 
~8T'~ 
~q~'t 
JII:H 
l~~h 
,,-.1,,, 
,: ~.,,, 
1tr 1Jo 
'u.,! 
H?I& 
H"q 
11311 
H3ft. 
11101~ 
11 .... ' 
111o~ 1 
11 '1 l 
11'1 J 
nl;!5 
11 ~1~ 
11!'''~ 
;>1<-' 
TABLE 06-17 
.U2!~~>1 
.'117lL·'" 
,l·~::c··.l 
.1'il .. ~.~ ) 
.1111o"E-Cl 
,&""~'!;~ J J 
,If:1ht-Ol 
• 1~7'e:·'~ 
• ,~o;: £~: 1 
.Iot< '1l- •• '
~e.!:~iC-:' 
,lIf7 .. ~~t 
,l"f~~-a 
,1"1 ~L ',I 
,l<;;<jQ-H 
,1,'11,-;1 
.1HH-'1 
.Ub .. .;-;t 
.53"H-a 
.r.! .. t:·:l 
• 1';". ?r 11~ 
.1'1'1~,: _0; 
.t~t1HCl 
.l1 J~£'O; 
.102"110'0 j 
..... l';f-", 
.J" ~ .[~r." 
,741':£-11.' 
,11"'1;£-: .. 
.321l1r-:'I 
,l1~.~.';" 
.6Idh£-Il .. 
.rna", .. 
.nI;H·"l 
.1uU~_·1 
.Zlo",,,,,o' • 
... < ~ ·,1" ~ 1 
,:;1Ht_,Ol 
.r.J, .. t-.~ ~ 
"/'M.~f'~ 1 
.""'.f _c" 
.1Io"'~(.'~ 
,ZIo21>.""' 
.U2I'F·j), 
.Z .. lU -
.Z3'I~E· 
.(o,h~[·'?' 
.se~ ;F-~ ~ 
.11lU-U 
.t. 'ltE-n 
.UhE-.-ll 
TABLE 06-18 
0-216 
H ... ? 
11. l' 
1 '.1l 
tlo .~"! 
lhltl 
11.H 1-. '1~ 
zn ,110 
a,~' 
U.lr. 
n.'" 
J~.V 
H.P 
1~.11 
l ~ .¥.or, 
J~.l , 
1 ..... 1 
It ~ .f.1o 
1 ,,",' 
,",''-, 
~~::==~~~~,.~"'l ...... ,t] ... :," .. ",'i;~~ ~r-'''l 
~ 
't ... \ 
1~. ~~ 
:1. !l 
11.~" 
1~. _l 
t".11" 
11.111 
1"'.'10 
1".P 
le.lb 
n.H: 
21.a 
~'.l':' 
11. '" 
:>'lor.Z 
1:.13 
11.. ~t 
31.11> 
]J"I/t 
1!; .117 
1", 'Iq 
H,U 
1'. - .. 
fIlC EII53 
Oclalllll914 I 
URIGINAL PAGl'; l~ 
OF POUR QUALrr'l 
~""." •• r "T"""~'- ""~','" .,", ,7',:,(_,1-" ____ _ 
It ",~" 
i FRACTURE MECHANICS DATA FOR 
211Z4-TIU Alii 2124-T151 
(t'fU' 
, 
, 
, 
, 
, 
, 
1.t~ 1.,,_ 
". '7 
~,~~ 
~.l1' 
h.n 
It. ;1 
U.~I 
U.~7 
1;.1~ 
'Io.t! 
lit. ~ ~ 
H.o;~ 
1~.1 ' 
If.J~ 
t e .", 
i!~.U 
1~41'i 
ZI. ~: 
~'" ., 
!J.n 
11. 1~ 
n.~1 
1~.·1I. 3' ... , 
10:.)1< 10:.,-
....... "1 
lit .10' 
,,1i.H 
151.61 
H. U 
'n.H 
1j1j.'!iG 
H.l\l 
IjO.~5 
~1.1 . 
~".lI! 
'~.H 
.71 .. 
.~1", 
.''1~ 
I. J,'!\ 
t.~H 
1.Z1~ 
I.In 
1o't1~ 
1.lotS 
1.51~ 
I. '!IS 
1.81t 
h'ne 
I.'HS 
Z. ,'I)t 
t.u. 
Z.t"S 
l'.zn 
Z.IH 
1 .... 0j 
z.U!;; 
('tel £~ 
4' 1. 
'lor .. " 
tqPS" 
~zr"l 
~'t"C 
lfoB 
~qt.;Z 
1~7"~ 
~t! 31: 
llq~ 
~3: Ii' 
11f 1<t 
llt~ .. 7 
'''f~~ 
!I\C .11 
15311 
.... '110 
l'illl'! 
1,01, 
~,.t ,~ 
':PC H 
:!71V-
~l1l~ 
17'7~ 
171 to; 
"J3~ 
l1'~"S 
l'ltU 
'71o?~ 
17~ :0; 
UI'Z' 
17' 10] 
l'!'!ia 
]10:'5" 
11' 1,., 
Hr?1o 
'"' 'III 17,,,,11\ 
l1~n 
In1t 
17~iJZ 
PH' 
17" i/o 
FINAL REPORT 
TABLE 06-19 
.hIoO'!' .. OIt 
.IIG1'>£-h 
.U!1;,,_01 
.anU:-H 
.211U·~ 1 
.Jilt1r·l1 
• Ut,,,·)] 
.H~"r"fl 
."'iHf"(ll 
.1:101£";: 
.UIo°E-Gl 
.11'1010"0: 
.1:Ht-aZ 
.H",r::"DZ 
.H"I-E-"l 
,lhU-al 
.laU-lll 
• ""~"C? 
.Ionn"1Jl 
.~'Hr"a" 
.H"2~ .. 1l 
.t~2"E .. Q1 
.1H~!"H 
.H7'iI""La 
,'i71i';;"H 
.'i':~~E"H 
,S:~~E"01 
.f:171t:"H 
• 1;Io",;;"H 
,l1:],,-'H 
.n"7ftG~ 
.UOl£tll~ 
.H'HF·Ol 
.U .... f'.I}~ 
.UU(·'; 
.2!'HCtDD 
pZ'lH(tIU 
.HUCUiI 
.51Ut:·Oa 
.Hl!EHll 
• ""'C';U 
.UJ.~~tJl 
.IHIott" 
D-217 
.znu-as 
• lUtE-L" 
.1o'J"U"IS 
,14ltn-D'i 
.,,71£ .. '10 
.H&a-h 
.UlU-'1o 
.12'110£"'10 
.UOl!E-'" 
.Iot'lJIIE'"Olo 
,IoS2u-alo 
.101o'IoE''CIo 
.39111£-010 
.7716£-'" 
.,un"II" 
.'JlUE-'" 
.7921E-0" 
• .Jt6Z£-n 
.Inn-" 
.1Is.,t .. n 
,11o"n .. '!, 
,/0"".-.£-01 
.unt"')Z 
.U'SO£"U 
.usn .. cz 
.2"3[ .. 02 
.2nU[ .. ,~ 
.2""["'Z 
.ll3U·,ll 
• U1U"Cl 
oSUaE .. ti~ 
."311E"0l 
.Mo,non 
• HUt-CIt 
.1tZU-U 
.92nE-lll 
.A3Ht-n 
.lSllIt .. U 
.ZGllE-", 
.lU3f>'"!Il 
.12IJ£ta~ 
.'IUCE:"D:J 
.61OI£-tl 
I'. JZ 
t~.l0 
U.,~ 
U.'il 
11.1' 
U.Ja. 
12 .... 
Ih!t 
n.Iof 
no.' 
14.~~ 
llt.II)'" 
u.u 
t'l.Il' 
n."" 
H.,10 
lE.n 
H."" 
17.11' 
I1.H 
1I.ft! 
n.Ii. 
l1' .17 
n •• '" 
H.lZ 
n.'!""! 
n.le 
l~.'n 
I~o"f' 
Z!.'i" 
2f.61 
n.H 
a.t6 
noll' 
l~'''i 
!,.~1 
H.01 
H .... 
12.10' 
J!.U 
'10.'" 
u.u 
l".O"l' 
II.'" 
11.1'3 
1O.n 
n.'" 
le.n 
B.U 
U.U 
Ut~! 
n.ll 
Il.5, 
11."'J 
U.13 
1l.U 
110.02 
U.~Z 
1 ... tI 
l
' 
.. 'n 
lS.U 
15.51 
III;.ltIt 
16." 
11'.n II", .. 
1'I.lI 
19." 
zo." 
11.21 
U •• " 
u .... 
n.z • 
;!/r.17 
n.n 
2'.6' 
tt.u 
ZP." 
l'.U 
t"l.Zl 
n.n 
Z'h'li 
lIl.t' 
!J.n 
'z.r/o 
n.n 
ImCEIl53 
0ctaIIIr 1974 
f. 
';" 
, 
i , 
l 
FRACTURE lEellAlIlCS DATA fOR 
2824-TI&I Alii 2124-TI51 
l((ltU' 
CUCtl LiNG!. 
•• • t.n • 'a 
1.119 .1U 
'I.U .2n 
1/10'" .llSZ 
7.IoA .l.~~ 
!.~l Jill 
U.!, .SIoIt 
tUCK l.oi:NGttt z~~, .II .. 
2.12 .11'1 
2.1. .on 
z ... ' ,Gil' 
FINAL REPORT 
TABLE 06·20 
.r.¥'L£~ .. .. f~~U! ell/Of\.' t~~hClf" 
zh5 
.IdUf .. n .,"fIt-CIt 
tnlo 
.1Il' ':£-Il .112n-(l1o 
.:n • .,r:-,it .llo4:£-lJ 
6''U 
61'1P 
.hllo[-Cl ."~"U·~J 
.iltJllf'".l .sr.!t~[-H 
flU! 
'f~" 
,'121£011,1; .UlO!"!!l 
TABLE 06·21 
C'ICU'l 
.",2~Ht ,aI/O£L 1 t~~~,CI.£ 
.u,n-u .lnu-U 
" 
.lItO£-U .,510[ .. 010 
toO 
_"In .. " .",r.(-It .. 
... 
D-218 
.. ,i~\~U~~i[~S ~~I:~~U:t,-, i 
1I1'~ te.( • 
U.:- 11 •• , 
, ... n 11.102 
U.,f ,,..H 
",101 L'I.U 
,:.'5f n. 71 
1 ~ 
1 
1 
l 
J 
J , 
, 
i , 
,;: , 
j 
J 
1 j 
J 
'1 
" .. ~~\~ln~~ESS 1~lrt&nl1N' 
1I.ft 11 .. 1'-
1'.'12 , ...... 
U~'" l/t.1O 
J j 
j 
! j J , 
1 , 
h , 
~. 
;, 
" 
", .~'-~'" "'.,'.', '. -, 
FRACTURE IECHAILICS DATA FOR 
2GZ4-T151 AIIO 2124-TI51 
, 
, 
, 
, 
, 
, 
, 
, 
, 
• , 
J :.1-
11.'-
U.~C 
1i."~ 
i) •• ~ 
U.'Il 
h.,.E 
t'!iho; 
H..Tt 
tf. ,.. 
1'.: : 
1 J.7J 
lI."-' 
11.' t 
2'~ .ll 
H.~' 
lZ.&1 
23. ~1 
'~.n 
tE."', 
~~.l~ 
14."10 
1G.~t 
nou 
110'11 
15 • .,. 
l?~e: 
u.n 
1t~.U 
101.:1 
10<'. lit, 
"".ll 
"~ ... 7 
lit.'!. 
.... U 
Io'lon 
H.ll 
'51.,,, 
30' 
.8G; 
~~ .. " 
.nz 
0'1102 
.IJ'III 
SoJ .. ' 
t.Ol 
to t" 
1.U" 
1.h'S 
1.IU 
1,.n 
1010"" 
s.ut. 
toS'C 
t.us 
1.",~~ 
10 1'1o~ 
1.1'1 .. 
1.'!'5t 
1.'1'0 
1.'15: 
:.u.!t. 
loU' 
CYCUi 
11'''1 
'ihlJ 
""U 
ell~'1 
I~"U 
UUlo 
1i!f "2' 
ltU't 
'10'''' 
\1:; .. 1'1' 
l"H! 
I"" P 
t":O",o 
1""'S'.ii 
t"Z'S" 
1"'1" 
1 ell': 
t'U'" 
lQ"", 
11l~11 
,CI"~ 
lOHZ 
.?~ ~ 'I" 
att't 
U'JU 
lU'" 
llll" 
"lZU 
~Zlo!n 
u's· 
?Ullf 
llO,fJ 
Uti. 
nn'! 
Ulo1J9 
~1'1Jt; 
lU'" 
nu" 
n1'l<; 
nfl'" 
23ft"" 
n"" 
')tin 
flo( ~'1 
Zlot 5. 
-Z/oU' 
010156 
FINAL REPORT 
TABlE 06-22 
n.11 ••• 
,"/~;~a I. '/O£L' '~'b'ClE 
.un(·n .... u •• 'S 
.l'Pl~·n 
.U'u·u 
.1I"4r .. H 
.Ut1!.-H 
• UIoIi[·111 
.U8t[·U 
.'UU-ll 
• ~Ul£-G J 
.11Ut .. " 
.q .. locc-n 
.t7Ut·n 
.1I11t-11 
.n~lE·H 
.UHf-!" 
.Ul'SE_IIZ 
.2(90["31' 
• UllE-,Z 
.ZSUE·az 
• n""£-u 
.t!'£~.'! 
.znlo£_,lZ 
.Z16H:·31. 
.HCH:-ll 
• "'6[-111 
.3£115["01 
.ltur[-u 
.~t"'!£-12 
.nlozc",? 
.ftHn:-II! 
.tIl11t_a 
.".11£-3: 
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tUn 
Ill" 7 
tZ;: I ~ 
12""" 
!ZH7 
123;''1 
121013 
tZlo"'!: 
.210 .. 
Il .... ~ 
12 .... 1 
Iz"n 
121,H 
1.21of,1 
CYCl~" , 
<11 
'" 
'" 
'" 
.H 
'" ./ .. ., 
1-';t 
;;, 
1" 
TABLE 06-29 
D'L. Jlll!/DEL t lilol' 
MMIr'CLt IH/C'CU, 
.lZ'!i~£"11 
.'!i~'uralll 
.77"ll'-~J 
.13'''[-'Z 
.2U:[-~~ 
.]U3E-~~ 
,101f.QE-H 
,'Hr;~E-lZ 
,UIIlE-at 
.1'"loE-~l 
.. lJlolF .. n 
,1~~ 'f-11 
,.,J:nE-H 
.Z.lotI;E-Jl 
,ll:Qr-ll 
.2~Q.£-~1 
.nt~';;-H 
,H!',~':-,U 
."~7~~-,1 
.Sii&F.-ll 
,1\10 lE .3l 
.IoH~l.L 
... ~,.l£.1 . 
.C~17t:., ' 
... <11'~ to( 
,.un-D" 
,20C'j£ ... Q~ 
.J ... U-tOo 
.'5"0~("'0 .. 
.~7; .. r-~1j 
,12'i!E·GJ 
.16101E-01 
.i!CftU-CJ 
.IoCO'lE-01 
, .. OlE-el 
.&"lj1'r-C3 
.~qJ~E-t'J 
.aC,)H-t1 
.q~,)u-n 
.7':1~'1E-OJ 
.98!,,[-;3 
.13~Jt .. C" 
.1?~foE-tl 
.j.'lonE-C~ 
,Uq .. E-~" 
... ! H~-C~ 
.1n~l-(1 
,1)'0;7(-H 
.Z1;H"~1 
.V'l~E-01 
,2 .. " 1":·, 1 
.';it .. ,r-~ 1 
.1277f·H 
TABLE 06-30 
1'" l rAIA.1I0t;L UIII 
III"CVCL;;: IN/C'I'CLf 
.Z, .. 2f-H 
.H7~E"l;o 
oIoJO'!: .. .ll 
.t't .. "f-lZ 
.6~~ .. E-H' 
.1~t1E-H 
.1HH·al 
.1IocU· .. ;1 
.UOoIIf-H 
.SS3.~·H 
0-224 
.IIU"E·~" 
.Uo;;·:E-O 
.1~11,E-t t 
.aIlS.?f-~" 
.2ti! .~.~ 1 
• 1$,,1;{-0 1 
.S~ .. ·f-Cl.? 
.Z'!It;E·Ol 
,ZIof, :E-Ij~ 
.l111[~a2 
·"·""'r··.·'<'"'".,~"""~.,'"..".",· '"""'-~-' .... """". " .... G'l..... ' ·~..,-·7·1 
1tl.'11t 
ll.U 
110 ... 0; 
H'.Clt 
P.l1 
1'10&;> 
1 01 ,'1'1 
1I.0' 
Z1.lIt 
!l,3' 
210.11 
::".t' 
lil, ~t 
n ... :-
~~.lF 
' ... IF 
1 ~. 1" 
11.~1 
ll ... q 
0.,7 
,,,,"" 
l,.7? 
,,? ., 
V .• ~10 
11.'l~ 
111.1:-
}~ ,1" 
l1.,§F 
l~.)o; 
~~.'1t 
Zt .1J1o 
21.1 l 
l~.101 
q. ~6 
U.,I 
13. t5 
t~.'!'& 
lli,o\\ 
In .. "'s 
1'1.10 
1'1, t.lo 
2( .tZ 
Zt.ql 
21.'110 
zz.'1' 
11, '5 
110.1;5 1,. ~t 
"",.11 
21 .. f Z 
2".~E: 
~'1. r; 
'. ,liZ 
]1,10, 
Jl,..:oo;; 
3~.ql 
llt."1 
1~.~1 
H,.~ 
l~ ... f 
.. ~~·1, 
1"" lJ 
H,H 
17.2Z 
1 o\.~Z 
1'1 •• 2 
2, ,'ir 
U.tl 
.?l.1" 
1'1.~q 
l!~ •• ~ 
MDC EI153 
Oclallll1914 
i , 
'~ 
~: 
, 
~ , 
l 
" 
, 
'Pl,,, _.,." .. -.~-. 
FINAL REPORT 
FRACTURE MECHAIIICS DATA FOR 
2Ol4-TI&l AIID 2124-T1S1 
• 
r 
• 
r 
• 
c~lCIC. 1. "NCTIt 
"' J~:. 6.12 
1.U .21111 
'I.l' .t;:3 
II •• 1 .J!;' 
'h';9 .l1d 
1; ... 2 • IoU. 
11.H _"Itt 
U.lt ... 610 
12.'~ .5~~ 
U.2~ .!in 
lhU .ii'H 
110.10':1 .'.i1l 
1~. , .. .'::>U 
H.t;. 'o~; 
ll,~l .boot 
H.\1 .&1 .. 
17. )0; .t.>l5 
U.l1 .7tl 
n.H • 'f<~ 
11 ... ~ .aH 
u.J1 .<J.E. 
",PtAWI 
C~'O:I( I.; lIIr.f+l 
" 
I" ~.~'i' nltl 
hat .h .. 
... a .11'1 
f.o;1! .2"iii 
'.H • .Uti 
Il.l~ ,"'5 
n.h ."i'l'l 
l~.H .6.?,," 
1£: ... t .6101: 
U • .Ie .1'\2 
H.l .. .7210 
1!.'I1 • tlo" 
CIUC~ LfNI>TH 
l~~5 • !~~ 
CYCL~5. , 
lUZ 
1ot';!J 
Uoi 
(>I:bl 
Tel" 
'H:l 
1~H 
l~Hl 
1;7)1 
llZ~J 
Uhl 
1197'1 
l~:!h 
12'i' .. 1 
t~~Hi 
ll( 71' 
urn 
1H~~ 
In'H. 
110(0:,,-
nCI :r~ 
• 
IoII.H 
.. ," .. 
7"Z" 
710 "7 
nn 
?~ 7@ 
""11 
,C,1I1 
,1' 'J~ 
111;41 
7.'1" 
CYClf S , 
TABLE 06-31 
"MI8~H:IAI/1le:L T1A~bclE "'Ii'~\~n~7£:;s !~r~ijnll", 
.1V~f"·" .1!"it .. ~ .. 1 ~.It, 'hlol 
.171 ... ~·11 .1101,,(,,t. I" .'110 'I. ~S 
.101o7h.-Jl .i16~E-l! .. 11.'i! , :.,,'1 
.h:1"l-,) .Zl,,;t~~ .. 11.'1<' 1' .. '1 
.~ Jl1/'-li .12'H;"E .. ,,, 12.'+10 U.~Z 
.1I~lI~ .. :J .ll1'lE-:" U',Q7 U.U 
.1I19~E-'" .JIo6H-~ .. P.l' U.tII 
,135 .. £:-11;? .S.1Io~f·3 .. 13.1'\ 1".~" 
.llItU·~~ .101;n-~ .. tli. ?6 i!. "2 
.13t "~-3l .'io1"t .. -~" 11o.'.ilo , 3.t"1 
.Uq.f:-:Z .SIo7H-~" 1,..,11 1l.'.i1o 
.11H[-:~ ."7~~':- .... U,P 1l.IG 
.U7H:-i12 .11/1 ee-e .. 10;.101! h.lt 
.Hlolt-~~ .U"'H-; 1 l".~&. l",lol 
.HlI'tt~~~ ,1111'[""1 U.\'1 1&..73 
.1'illlot·~l .11112["r .. H.Io'} h.:1 
.3EII'E"OZ .1""Ql-Ql If..~' 1~.n 
.IoH~<:"ez .H71'c,-r.l 17 ,1 ~ 1~.f5 
.65"~E"~l .2~1o;E"Il 17.~" 1':.0 II 
."17"-01 ,1n1f .. tl 1'." 17.t'l 
TABLE 06-32 
"./P~H!u"on Tf~n,CI.£ "p)f~~:nt~£S'" HI(~~nHNI 
.llol!t~-'H .'InO!-05 U."~ '1.n 
.t'H1~:"Dl .172'n-11o Il.U 11.57 
.31'51£-'2 .UIol£"Ol H,.711 il.,. 
.9!9'!t·~Z .3117£"'03 It-51 H.llt 
.ns'l£"~ 1 .UDU-02 It.st 16.h 
.iluu+n .1Un-U lS."2 l'i,IIf: 
oUloq[.O~ .61I1U-U i" .. lo. 2:t.Oi 
.1:111£'01 .10250£",'2 2"'" 22.1,5 
.'!i~"['1'lO .2210E.-01 nolo' U.l' 
olJU£.O' -.UDGE: .. U u .. u n." 
.l1!f!£·oa .,un .. 02 26."10 ·U.lI 
TABLE 06-33 
J1.29 I'll" StlP'I"11 
D:'LUllIIDELUHH ""/tyC~£ lM/C'CI.E 
0-225 
MDCEU53 
Oc*1974 
--
FRACTURE M£CIlAIIICS DATA FOIl 
2II'l4-T161 AIID 2124-TISI 
(Htl( I.!'H.t~ 
1''' 1'1 
!.t'i oI!~ 
hq~ 
.lit 
'" 'I ,t." 0;,". 
.;!H 
".1 .. .llf" 
f.1t .hll 
I, ,1 
.1 .. ': 
'1.11 
.3'7 
III.Ql 
.Ht 
o.~t , ,,~ 
\:.;>7 
· .. ~" 
UoH ,.1010: 
11. ,,: 
• .. !:Ie 
t? .. ~ .IoH 
1 1 ,11 
• ~?!. 
1!. i~ .I§~: 
'Io.t"' .'i~~ 
c ,.~~ L~,"r'I~ 
'" z ... ~ .~~'!" 
;0. ~ .. olU 
1.7~ ,110,; 
... 1 : .1.,1 
~.H .U7 
'I.t!~ .U~ 
t.3~ • .i!:H 
(yr~(s 
• 
ltlll 
110U 
,,~'t 
S!l. 
o;qqo; 
Ff ", 
71l~ 
'f.H 
,Qt'! 
"no 
Ul1 
"HI 
qu'," 
'IfH 
II~ l' 
II~~'" 
c _CL"~ 
• 
!<lh 
lZS! 
101 'l1 
Ie t' 
Slo.~ 
"'hI! 
FINAL REPORT 
TABLE 06-34 
.. ",P$~U" t 10E,-, U~~'ICLE 
• nur .. n 
.1lUt .. ' .. 
.6ln[ .. ~ , .un£·,,,, 
.6hllf-H .lUU .. ,,,, 
.nV,,,-::!1 ,n,,"[-Ill 
''':ter''o) .nnE-tit 
.UHr .. ,: .U,U-h 
.u",n"·ot ,""HI'U:"OIt 
.UOU-3;! .t'nU.h 
,Zt""E-lll .1521(-010 
.1.1jur:-u 
.PSItU"OIo 
.u",'£.-a .fI13~1·'" 
.15n"-U .1U~£ .. tlJ 
.2u",r"~1 
.""lE-''" 
• l!2U.'.! ..... ~t:-il .. 
.:JIl~r-Ol ,IUOt-Ol 
.lIoZfr_2l ,u .. u·u 
TABLE 06-35 
.. ,,~~~al .. tlO[L 'U'hClr 
.2TlQr"11 .unr .. Oit 
,IoU~r"lJ 
.Ut'£"O" 
.6:'1I:-U • .i!n~£ .. olo 
.uo:u .. n .1o!1'I["11o 
,uur .. n ,,'4Jlot-f:/o 
.l"IE .. Dl .'7Ut""10 
D-226 
'1.1-111'''' 
",lIItlllll 
UNs'I~;fI1i 
\1'\' .. I ,"1'1_: 
t • ..". h., III 
r,"r~ JUl~": 
.. i'\!I/1::''' Iwmm., 
11."" 1l.U 
,~.u lh91 
tf.'H 1'S.n 
11.7t 1f~ .Il 
le.111 if.1l 
l~.'" "'.9' lO." 14.II, 
H."''' 1'11., .. 
!l.to: zo." 
~ '.~~ U.H 
1Io.H !t.U 
ill.n Uo'" 
n.,." n.n 
l(· ... 11 :10." 
Z7.?(I. 210.11 
".'1t n ... , 
~Jli(~~Ul~1fSS !Ufunn .. , 
1'1. q~ n.61 
S~ ... t 110 ... 
H, .~ It.n 
I' ,'51 If.n 
21.~1I .... H 
u.n U.!10 
IIJC £1153 
Dct-.1974 
FRACTIIIE .CIlAIIICS DATA FOR 
2.4-TII1 AIID 2124-TI5I 
• 
• 
• 
I.U 
~ ... 7 
5.17 
s.n 
t." 
'.U 
1.11 
11."9£ 
'.S!5 
10.l2 
t~ •• e 
1I.'! 
tz.1P 
1l.1~ 
U.l'i 
It .. ]l 
1Io.U 
U.2: 
It.7~ 
if,HI 
11.11 
1J.ltt 
1II.'i~ 
1'!.z: 
1<;.Qe; 
1.,,,:t 
~t .11 
21. 'It 
2hZJl 
<". ,~ 
'It"n 
n.?/. 
i'{, ~l 
i!'i.l~ 
l'l. ,~ 
l:oJ~ 
11."'4 
11,17 
~"'.I { 
I! ... ~ 
lto'" 
l~.n 
.. ~.~? 
Iot.H 
It!o I" 
..... ~ ; 
... J • ., ~ 
1t~.H 
.. ~.lt 
0;(. ,~ 
''ll. ~ c 
1i".1A 
>; ... t ~ 
S·,n 
;~d~ 
1, l l' 
l.h" 
1.11~ 
1.h: 
1.1 If 
t ... ..! 
:.li. 
1>-1«] 
,. J I~ 
t.101: ; 
1.Sl7 
1. ~ 7~ 
1.o:?1 
I.Ti; 
I. ';~ 
l.V~ 
1.'Il[ 
l.'l<l~ 
I.,) I~ 
1.l1~ 
1. t 1~ 
7.111. 
'.11,(; 
C"CLES. 
l 
'9:12 
U1U 
13t'JS 
lS3ft 
16 a lll 
112' .. 
l'U.U 
tscu 
lUiS 
22~!5~ 
2:Jlt.l 
2,Q.,3 
2HO: 
.,r23 
nlon 
16tSl 
26"'10 
26'16'l 
znu 
.. Ullt 
l"<'97 
lU/J!o 
l&'Jh 
'''''21 
?'1tEo2 
tOt'l 
!t'IoO 
HUe 
H2H 
!llo,/o 
H71: 
!llll~ 
~n"" 
l~J.t'l 
! ..... tl 
ac ~c 
l'j3J't 
1Jh~ 
nll~l 
'1011<; 
h,~;" 
'''·''t 
lIo7~" 
f,,<' 't 
U:': .1 
l'i':t tZ 
H4\il 
It;f ')1 
ISH! 
15J .~ 
1<;7101 
la;~H 
lo;r.l1 
lS~~ 1 
!"'''J 
FINAL REPORT 
TABLE 06-36 
.11111["03 
.UlltE.1] 
'''''£''03 
• 3211zr-Ol 
,"'11(-113 
.5uap;-1l 
.,nor-'l 
."''''r-J1 
,unt .. u 
.... u-., 
.'Ulof-" 
•• un .. u 
,.lUf-.., 
,Ufll£-OZ 
,1281r-02 
.1~11'r .. u 
.1ZlI[-U 
.11lIJE-U' 
.tlj!U"~Z 
,usn-Ill 
tUnE-liP 
.1"11E-02 
,Stllt£'Ol 
.t~71t-OZ 
.2!OQr-02 
.lfiUI[-IIZ 
.It 1'1[_Ol 
.U""E·OZ 
.tt/o"r'Ol 
,lUII;E"OJ~ 
.2o;57E-OZ 
.llIo5£-n 
.lIt'5"[':Z 
.:J1~I["12 
.!H92!:-!I2' 
./OH-t-C' 
./o,n£-G! 
..... lItt .. O! 
.Iu .. qt-~z 
.~If;..-r-n 
.5£II"[-Ol 
.7~'''~-H 
.6HII~·'J1 
.'I'UE-H 
.'it~l£·H 
.t I:lf:-" 
.1';"[-11 
.Out·'ll 
.l1IJIo[-U 
.lfM[-H 
.1U~£ .. Qt 
.1l't'E-Jl 
.1H?t-ll 
.251oCE-ll 
.HC~F:"Ol 
.H2"[-h 
0-227 
,""n-n 
.Uttl-n 
.U'!!-'" 
.lln,., .. 
.n.IIIII[-'It 
.ZUn-h 
.221""010 
.UI'!it:-tr. 
• l691f-Oto 
,U'lE·I .. 
.UrZE-IIIt 
.311ItE"'" 
.Utn-tto 
.10976[ ..... 
.latoU .. , .. 
•• tt6[-O" 
.10173£ .. ", 
.f/oUt-1Ilt 
• 57l5£-DIo 
.6920£"011 
.tUn-IIIt 
.7!tlU ..... 
.613c£-alo 
,61I1fi£·all 
.90'UE-e. 
.ltltl£-tIl 
.U7ltE-1It 
.')CJJ'[-~Io 
.6U7[-Oll 
.1Ioo?H-i)l 
.UHE-D] 
.llUE-CS 
o.lS"~£·n 
.tIolU-Q' 
,U"'E-Cl 
.16U£-'J1 
.1~')CE-CJ 
.176 .. £-01 
.1Ult .. ,J 
.l~?H-n 
.ulter-G! 
.JUlE-Cl 
.17SU-3S 
,ZU"E"O! 
.n.n"1f 
.l'Jlfi£-U 
."',fllt .. " 
.II~GC(-n 
.SlUE"1Il 
... .6UE·OS 
.Ut"E-Ol 
.!lU'E-n 
.&1 \1E .. O:S 
.1tU[-1Il 
'''''OtE-01 
.fiGOer-Ol 
ta.'" It.,. 
12.15 
u." 
SII.Z' 
15.311 
11 • .,. 
n.,., 
11.6 • 
U.~'l 
11.17 
111):,"7 
n.'Jt 
ZO.fl.i 
H.G! 
U.S'l 
n.tO 
U.'" 
n ••• 
iPS.53 
2 •• 1Q 
ZII.'li7 
210 .IJ~ 
n ..... H." 
H.Io' 
H.qll 
i!:'.~11 
U.U 
lll, ,,. 
l~.!~ 
l~o.lj· 
~fJ.n 
H.'J"!-
!l.u 
J2. .. H 
n.t e 
H.\l~ 
.slo,f>" 
n.'? 
)7.t1 
n.oll' 
U.'U 
l~.n 
IoO .... Z 
IoL.~r; 
Iol.DI 
.,. 'e 
U.16 
1010 ,,,1 
Io! o.lt" 
"f:.t J 
Itfo'H It'. fIi: 
.. ~ . ., ,. 
'.6! 
11.61 
U.6, 
n.u 
lS.I. 
u ... 
lIIo.n 
15.21 
U.lI 
16." 
17.U 
1r.rt 
n.n 
11.7, 
n.u 
t'J.tZ 
n.u 
20.n 
n.')z 
Zl •• 1 
ZI.n 
2t.n 
n.'It 
23.1t 
Zl.63 
lit. 119 
Z".S, 
15.15 
"'.12 
01'6.17 
U.6S 
2'.Dl 
17,!i$ 
111.'" 
"1.'1' 
19'.57 
3C.21 
lO •• ! 
l1o-'5'1 
lit.llt 
11.,)1 
310-76 
'Io.to 
n.ll 
U.H 
If:.n 
18.e9 
'9.110 
]'l.n 
loO.3' 
100."" 
"to. ]10 
"I.U 
liZ. 't 
101.'" 
..... 11 
IDCElIS! 
0ctIifIIr 1974 
-",' 
" 
. 
f: 
! 
1 
FRACTURE MECHAIIICS DATA FOR 
2I24-TI51 AIIO ZlZ4-TI5l 
'§r,i·f 
r;~.~c 
F "~.f" 
F u.,~ 
fol.q~ 
1. Jt~ 
1. J,,~ 
1. ~.~ 
z ... ~~ 
U"'1t 
CIUCII. 
•• 2." 
3.n 
11..11 
OJ',:<1 
5.1'1t 
6.]~ 
1'.15 
~."' 
~.q2 
~.~5 
10..'" 
tl.II' 
H.ll 
11o.21i 
1'5. \'1 
1'!' .... '1 
11 •• 5 
11 t H 
t~.6t 
1'1 ... & 
~"n 
~hl1 
ZI. ~'1 
H.M. 
Z".'H 
~~.H 
'~.' . 
1: .1~ 
,~. i~ 
}.,,,1 
~~.n 
~ 1. ~ ~ 
..... ~1 
'" •. 1 
.. eNlitH 
t • 
.101 
.Ut. 
.Ulli 
.Ur. 
.Zl6 
.210' 
.lIZ 
.)111 
,3It. 
.u. 
.1018 
."'H 
.!>2t;. 
.S&! 
.731 
• 7 .. t 
.1111 
."I~ 
• i':'Z 
• ~l .. 
.. )1><' 
1 .. 1• 
hili 
t.ll. 
1 •. ·~~ 
1.11, 
~. I ~ 
FINAL REPORT 
06-36 (COO'T.) 
l&r "1 
lJl" , 
:UH 
1£,? .. 1 
l"'i'll 
.~.iu~·u 
.2!loeE"D1 
,2:1<£ .. 31 
.1U~E·~1 
.'10~OE .. (jl 
.lDGIIE-Ql 
.AUCI-Ill 
.1O:'U;-Cl 
TABLE 06-37 
.. li.ac 
Io~"'" 
~'l.~10 
H.lIt 
1o~.'0 
100j,26 
1o':;.lIa 
1o~,1Z 
. L3dllilhl 
It." .. I\.i\ll""' 
C'CLE.t 
'" 1111] 
tl21 
rou 
liS. 
un 
2!S1t1i 
26'l1i 
Ulli 
z~n 
Utu 
31106 
ll':'Z 
]C'71. 
lJ J ~ 
nl)1 
' .. ~h 
31011) 
31ok1 
310"6 
Hll 
J~H 
1~ 1 .. 
1~ .... 
1'" 
3' . ~ 
"F'>' 
]t ,.-
]f."l 
11 ~I 
]~ 1 .. 
17 ._~ 
or , 
UlJ 
~11' 
I: 7.1 flPa I h 1111 
1716' , 
suus Gllut£lt , .. ," o.~ ~~$ tNE' 
*",~~~UI.'/O£L TU'hClE 
•• 028£-113 .3I5IoE-h 
.1/tUE-U _.UDE-o/t 
.nlleE-tIl 
• n6tE-l1Z 
.Ioun-u 
.lI86E-02 
.'2nt-Oj! 
.6tllE-n 
,1'1111£-02 
,nnE-02 
• tJt:!E-;U 
,l1l!O:E-Ol 
,ittlt-a 
,U4!oE-n 
,UIJU-Ol 
.Hf,lE-,a 
,lOC"If-a 
,~H1E .. a 
,3:~ lE-a 
,1o~21f-a 
.q~H(-:l 
.'1?Ot"~l 
,HHi-~l 
.8\ .... ,.-' ~ 
,lJt '! ,OJ 
,1 I ~ \f oj, 
• I'" ~~.- .~ , 
,lul",'L 
.lU, '-'J. 
• '>! 1 ~ '. 
D-228 
,16UE-OIo 
,uzu-as 
.U7 .. E'"03 
,lUOE-a] 
,207U-Dl 
.210110£-03 
.ZIJ'1t-U 
.J""~E-al 
.IoGzn-u 
.'j2Ut-a 1 
,&'810[-0) 
• slo104f -0 1 
.h7H-OJ 
.nzH-OJ 
.7'ft~[-Cl 
,l';'SJE-~Z 
.11"1][-Q1 
.llIJU-Ol 
.1Io1n-al 
.11!!:E-U 
,Sk1f.[-:1 
.HlotE .. r: 
,ll~ ,t-a~ 
,10211.-0: 
''''l?l''~7 
.h .... £-' ~ 
.to·,J.~-··' 
• kllloht·~" 
.ll J"-I -" ~ 
t'Jolt 
n.IJz 
z .... o 
n.~2 
21.100 
10,32 
u.~/t 
1l.1fi 
n.o;o 
U,O'l 
1'1,10] 
,,1,7t 
,,1.110 
~"'&1 
1e'!i,II" 
.. r .11 
.. ~.r,q 
.'; .... 
U.O, 
ZD ./t' 
2l." 
211.n 
U • ., 
n.n 
n.G6 
,G .1l 
lj!:.10 
H.t. 
10;;,81 
17,~& 
1'1,2' 
10110&0 
101,15 
.. loU: 
10' .. 11 
Io~.n 
Iofo,tI. 
107,101 
.,4.~'J 
."10.,, 
OJ" ,11; 
'H.~, 
o;J..~"­
"~.!A 
~~,~, 
"1.; t 
., 1. "7 
71, t 
r" ,1" 
IJJCEU53 
Octolllr 1974 
r , 
~ 
I: 
~ , 
i 
i' [ 
~. 
r. 
i: 
,. 
i".-
I, 
f 
t 
, 
FRACTURE MECHANICS DATA FOR 
21124-T151 AND 2124-T151 
I(IHUI 
C~'CIlO LlPtGT" 
'" .f~ ; l.~~ 
J.11 .1 .. 1 
10,0; .. ,11q 
::.l<; .~' .. 
b. ~~ .l .. l> 
~.~" • JZIo 
'h.1 .H1 
'f.4 J 
• ))1 , 
'l.ll ... 11 
U ... '.> ,'He 
, 15. I: , .. ;" 
1·.':110 .o~7 
1~.' .. .1h 
, l~.~e .r~? 
21 .... 10 • ,,'='~ 
, l.lj.~'l .1ll 
• z".n d1~ 
?b,l4 1.;10; 
". 
0- 1.Ll 
lh~~ 1.11S 
n.n 1.2h 
I •• ~ ~ l.ll. 
e,,(V~ 
• 
'"' 
". 
. .. 
! 1: 
'" f ~q
'" 
'" 
'" 7 .. ; 
11>; 
'" no
'" 
'" 
'" Hl 
'" 
'" 
'" 
'" 
FINAL REPORT 
TABLE 06-38 
""/FiH~U ./llnT ~~~bCL[ ,.,..~(~~Ul~~f~~ i~~r~~HThu 
,37"101; .. :;: .1~U£·~3 1'''.'0:7 '''.81 
.5l31!,.'!~ .l.:6:t-~., 11.1'1 1~ .11 
.liiJt!;'-H .lJ7H-CIl Jr.. , .. U'.~ .. 
.1S"H-O .~·S1E: .. (I1 l'i.U' 1';.I::i 
.hll~f· .1 .117?E·~.! ..... ,,. Io~ • If! 
.H'IoE'-H 
.SIoIl4f.-e:! "R.t'! 101, ~'i 
("~ , 'ifIl:ESS GIEU"II , .. tN C.c Ft". 
IN~ t sr~E~S GIO:;AT'1il , ... " ','I fr'l', 
(Nfl o:U[So; GlitATf' fl",. ~.~ flU 
litEr ')'Il(~'i "H'Ar.-" tUN {. OJ FTY) 
!til:':, SnESS Gfi.EloTr" r""N hI) ny, 
tNt f 'iTRE'i'> G'£An" TI<AI< •• F"I 
INn SfRCSS GRUff" 'IOAI< . • 11 FlU 
INf T :>f"ESS GP(U" " l+-lH :.q FlY, 
Pi£' ST"US GRU'~ It f"_H '.OJ FTYI 
I~r, <:lR[SO:: G~r.Tt " f"lh 
'" 
"'YI 
UtE' '::'.[S5 GRE""R nu. t ," "TYI 
(t'fT 'iTRESS G'UlfR floA" -.q fTYI 
INET STt.I£~'> GHAT .. " 'ioU. .11 rTU 
Utn C;U:£'>C; GIIU'-., 
'''AN :.il Jl'fYl 
INfT 'i'~rSS G"UT~II: l"A+I :.q FtYJ 
O,kl\Jll~AL PAm; it:; 
OF POOR QUALITY 
D-229 
IIICEIl53 
0cteNI1974 
FRACTURE IECIIA"ICS DATA FOR 
2024-T.l A~ 21Z4-TI51 
j".,----, 
, 
, 
, 
, 
, 
~="CJ( L'."Gl~ 
h:l .119 
1,1'10 .t .. ! 
". t" .17~ 
Io. '1'1 .196 
0;.1; .2h-
&.110 ,210'1 
to,'U .ll~ 
7,<'1 .1;" 
1I.1~ ,lll 
&,';'5' • Vi>;: 
J.,.t .17~ 
, ..... t ,dZ 
U.l' ,~"7 
1:.;" ... 1 .. 
,Z.t1 .IoU 
130 .. 3 .j,ZIJ 
110," .r,r,~ 
tll,I1 ,$"1-
U.'iZ • .,11 
,~. ,t ,biZ 
U:.~.. .11" 
17, ~J .671< 
17.11 .1.i 
1' .. 110 .nl 
tl\.4~ • , .. , 
''0, ,,' • Pr.' 
? •• ?l 
?t.l! 
li.n 
l2,Iof 
~!. : E 
If. 5". 
Z~.lo; 
li •• ~ 
I~. 'l 
u.'~ 
llt.1<; 
H,"'] 
11.n 
}"."" 
.. 1,11\ 
~ ... u 
Iof .z, 
Iolh'5l 
r.;1.11~ 
'5". Jl 
'11, _I 
61o.1~ 
,.,.,~ 
1t.i' 
• J:'~ 
.'1_11 
.'ht 
I, ~~ ~ 
,.JIo? 
•• 11;: 
1.1'>, 
t. !I. 7 
1.ZH 
,.llot 
1.lolf, 
1.1010; 
l.ljl',l 
1.h& 
SoUil 
t. !lti?: 
t. 'I1l 
2. Diol 
l.21. 
1.-111 
l,'5H 
2.&", 
2.Hio 
C'CL~i 
r;'l. 
't>21 
U113 
13399 
lUll 
162'" 
lf~'n 
118103 
l'l'lIo'3 
:U;'1 
22tH 
lnll: 
1!111!ol 
111 .. , 
~"i!1:I6 
Zr,Z'>1J 
,''it'.>, 
;;"~"'l 
~j,ll 7 
l6fol .. 
~eQl~ 
<11'" I 
?'3~ l 
!7" I, 1 
211"" 
?7r;r,t 
,.\1 1'1 
~U,'" 
~1I'Ut 
l'''~ " .. 
~e.~ 13 
1" eo 11 
?ql'~ 1 
?'I1H 
~'H'n' 
"~IIU 
10~H 
1~Zljl 
11110101 
It.~ .... 
1t111 
nll&7 
lent 
~tt ]f 
nt'u 
11111 
nt~o; 
HU! 
HI''' 
Jl1q1' 
unf 
H1Sl 
l1U~ 
FINAL REPORT 
TABlE 06-39 
.u,n'"u 
.2l~7E'H 
.1"U"t .. U 
• HUt·" 
'''l~qt:·U 
.1o'171(-Ol 
.51101i:·U 
..... 1fE·~] 
.71311[·01 
,'U""[·H 
.-.us" .. J1 
.IUI£·'l 
.UfIlE-ll 
• 11Z~t-a 
.1~UE-n 
.9nClt"'1 
.Ull':;-'" 
.11l~£-:.! 
.lu:,,-;a 
.Ul'1C-U 
.hl'lr-o? 
,UUt,,!! 
.3 ;7~E-,'~ 
.21'1S(")2 
,1~~<;E"02 
.lnC;"·U 
.1017~€-H 
.JI':f~-G~ 
.IoU~E-H 
.H"IoE'"'OZ 
.'5~Io!r-'ll 
.H~l[·U 
.lotlol£·U 
.IJJIIH-U 
.-,;"o;lE-H 
.ue1t-Ol 
.1~'UE·at.. 
.Ul'SE-U 
.1lCU· n 
.UHE-H 
.1l1U:-C1 
.1·'1£-31 
.1l'!:f[ .. U 
.1~'S[-U 
.l~r1t .. Dl 
.. SHIE-H 
.6S11o("U 
.Ul4oEt llO 
.IoEUt .. U 
,'un"Ol 
.UUEtU 
.UOlII[tOO 
.hl'l[tOO 
0-230 
.lotoUE·O~' 
,It'fClE·O! 
.ICIon:"QIl 
.ustE-," 
• ,11U·'!10 
.U,OU-Olo 
.U.~l[-ijlo 
.11lIE"0" 
.zrtou .. a. 
.l .... E·glo 
.2"Ui-O~ 
.U .... E .. ~ .. 
... ~r..[·II .. 
,itIoSn·o .. 
• st.'tof."e .. 
.n"al-Clo 
•• t26"·~10 
,51Uf.-GIo 
"lD7[-II~ 
• 6'1I1E"~10 
• alIoIoE-C" 
.UllE-:1 
.U11I~-~1 
,U"~E-:l 
.HHi£ .. -Ql 
o13UE"a1 
.17210£-03 
,12lll-C! 
.I'1UE-01 
oISltE-U 
.1l21t;-U 
.l'516E-Q1 
.18:7[-03 
.U7ft-" 
.n .. n"lIl 
.2 .. Io .. E-11) 
... JOl('"" 
.U'IoU-U 
.2UU-0l 
... c!!'u"-u 
.121"'-113 
.7UU-01 
.. " .. noOn 
.UHf-flt 
,1'''''''112 
.222'4[ .. 112 
,2!1U, .. or 
.U12l-n 
.1111'5£"12 
.36UE-U 
... U7(-CZ 
.to1Ut .. CZ 
.,.,,[-U 
n."7 
!l,U 
u •• r 
n.ltll 
, ... n 
, ... ~l 
t!l.n 
lh111 
H .. qq 
17.&1 
U.li1 
tlll.1Q 
H.4Q 
til.,.! 
Zt.u 
21.'2' 
22.).1 
22'.11 
ll.p" 
n." 
Zit .11 
llo.It" 
~1o.~1 
n."" 
,"i.1l 
a., .. 
It.6'1 
u.u 
Z?U 
l .... '10 
u ... e 
I" ~1 
H.~10 
]Q ,tf-
10,qll 
H.U 
!I.Ii'" 
1l.4.11 
,40.&1 
u.1t 
".U 
H.f'l 
~c..o,. 
lot. It 
U.S1 
.. Io.t*' 
"E.l~ 
"','Ie 
.. ~ ... r 
5J.n 
n.ltll 
'4.1'0 
'1,"2 
1~ .IIZ 
11.11 
U.19 
1l.'I1o 
1l.S' 
llt.U 
1 ...... 
t'i.lofj 
u .. te 
16.n 
17 •• 1 
ill.n 
1II.'1i'l 
lq.U 
u." 
z~.n 
lO.72 
li.16 
li ..... 
H.8'5 
21.2'6 
u.t] 
11. 'ft 
H.101i 
23. '" 
llo.n 
210.13 
l'l., .. 
n.n 
2'1.91 
U.27 
Zi.n 
21 •• 1 
n.lI 
ZI.'I'I 
2'1.11' 
sa .62 
)h51 
12 ... , 11.10, 
,10.3' 
'I." ,t .• , 
n.",. 
n,1. 
..... .I!i lIZ." 
1Il.'51 
.... t". 
.... 11' 
1t ... 61it 
IIIO.t 
IIICEll53 
Octallll1974 
I 
r ~ 
t [ 
f 
.' " 
, 
L; 
, 
~. 
l' 
!'-
.1 .... 
FRACTIIIE IECIlAIIICS DATA FOR 
21124-T.1 AID 2124-Tl51 
IC''''I., 
CUCO{ L .NG'1t 
"' .11, h,." 
.1.17 .12; 
"':' .1,1 10." .. .1.oil 
:loU .Z;t 
•• • .tlll 
~. ~t;I .211 
1. ,4 •• 
, 
'1,'11 
.llot 
0, .. ' . " .. 
1, ,II .. .,.~J' 
U.i) •• 53 
1:" ... ' .It'lo; 
11.~1 .5Jb 
h.-:O/l ,;71. 
' ..... 1 .6~'t 
1·,111 ,1llo 
, 2~ .~!i ."!ell 
U •• l .Iot 
, 2:6.~' 1.1ft 
, 2&.'5' 1.Ufo 
'(CMUI 
Cluel( L~,.t'H 
" .f~ .. l.U 
l.,,~ .UIo 
... 17 .u ... 
1 .. 91 .196 
~.11 .t.J1 
6.'" .261 
r.sa .ttl 
II."'" .Ut , n • .,' .,," 
, 11,"2 ... 51 
lZ.ItO 
.It" 
c.,rl· II: 
I 
~,~ 
1['" 
u ... '1 
11011 
1!J5. 
lU~ 
UH 
11 ..... 
H16 
tfIl'l 
UH 
lP15 
lh7 
Hill 
11'65 
1813 
un 
lIIali 
1&'S9.' 
un 
C'CLES 
I 
'" 
." 
'" 
'" 
'" 
'" 
'I' 
." 
." 
'" 
FINAL REPORT 
TABlE 116-40 
n'L U'11/0EL 11.1"1 
""/C'CL~ tHIC'C!.! eF"UIS"E~S "PA '11)'" 1M, 
.11~'~·n ,"'12£"<" 111 ... 
.1~f"~·:2 .13 .. n·, .. ?I .~'" 
.~U!" .. ~1 .1U"E·~ 1 110.)10 
.U:¥,£ .. ~Z 01 .. 2.f-'] Z!.1. 
,"5~H·OZ .Z~'1[·~ J 2:1.,,' 
.11.7::"'.1 ,.lollS'!; .. , J 2'1 ..... 
.Uhf·~l .101of, .. £ .. C 1 H.I" 
.17~~E·U .6QDst-t J n.n 
.U~'iE-l1 
.1'."'I£·:;? H.P 
• :n.to~~·: 1 .1to:tf;[-~t P.ti. 
.,,,'H'·:l .;217U .. :;? u.rr 
.fjsq~t·a 
.ZO;'U-G? .. ".1~ 
.'unt-u ."19n·Ci? Itt.~l 
....... ,.·a 
.3.'ZE-CZ Itl.Ii" 
.U:7Htll~ .satE-O;? 1o~.U 
.3U'Et~. .1IoUE-U ~7 • .Jf 
.UIU<tG:' .usn;-oz '51.50;: 
.rntt:<to: .u,:£-et 
' ... 11 
'''hathl .111.]:[40' 'J".~t 
.liJll(.!ll 
.'''IOE-D1 6Z. ,0; 
TABLE 06-41 
",,,2~~a Ill/DEL' ~~nYCL[ ,.,.~[M~~i~~ES~ 
• JJ7!i("UZ .a"On-03 U .... 
.?'len-oz .flUE-!!] H.H 
.UHE-oil ..... zt-IIJ n.n 
.1IlSIoE-a .usn-lIz ".1f 
'''''''£''11 .nUE-U U.~f 
.1!1~£t·~~ 
.'UJr"ot u.u 
.]!liU'EU) .,,,aU-at 1011.01 f,.£, STIIESS e'flf£1t ft.At. 1011 r", 
''''[l SUESS e.UTU "'." II •• FTY) 
u,.n Sflt!SS GItUTCtt TMa. t.'! rtu 
D-231 
1~lr~~nn"l 
11.U 
n.'!! 
21.111 
230 11 
n.~c 1".1, 
n./o" 
l' .• h 
ll.rD 
31.'& 
l':i,l9 
" 
c, 
~'" l '. 
~". 71 
101.D~ 
.. 3.6_ 
to6.'it 
"'1.16 
'Z.78 
'6.51 
'U[~nlTll4l 
ts.n 
n.t'li 
31.17 
'".7:1 
11.11 
]'1.12 
101.11 
IDCEI153 
Oc.-It74 
, 
FRACTlllf. iECllAlllCS DATA FOR 
Z824-TI&1 AIID 2124-TI5I 
(II.tl( lUII",t 
l~;1 .no 
... ,,~ .182 
S,1t2 .2U 
S.U ,ZH 
t.H oZ!il 
1..... .21] 
11.1' .nf-
11.10' .)]3 
'hlP .l&S 
01.61; ,HU 
p.<;r ,1016 
lI.n ..... 2 
11.'~ , .. "1 
ll.n ... ttf 
13,11 ,512 
tl.f.~ .5t'l 
I ~.12 .s~io 
1".~~ .~~~ 
1!O?'1 ,0;,11 
1f.l~ ...... 
1f t 'll .,,~~ 
tI.~4 .Iljj 
H.t'! .7tf 
1~.1A ,tI't 
?~ ." • ~1 ~ 
?t, !~ • ~"1 
1"~' • ~.,I 
2J .-;11 ,4~~ 
11,~· ,~ .. l 
'h;' ,h1 
.... ~ 
.. ~. ' 
,,'.·7 
~, .; r 
.. I .~. 
.. 7._ . 
t. ~., 
1.llt 
1. J',t 
1. ~ ... 
I.H' 
t. ". 
t.~L 
I.H-
.... ;'1 
nCLES , 
u'n • 
1211] 
100HZ 
"qUO 
51IJU 
';7~ Z] 
Hiott 
flo""'? 
n",>& 
~ .... !~ 
11!'~1II 
15]10<;' 
17"01-
1~<;'1~ 
~eq1" 
~~"h 
~"1 0;<' 
~iI;' 1? 
~1t '" 
~~. 'Or 
\'1711 
gHt" 
... ;\ f 
,"( ,~ 
'H'~l 
< ~7';'" 
~'IJ,,; 
t·bU 
1·1o.~ 7 
I'"~ t 7 
I ~~~: 
l'"n II 
11 j.4 
lU.7<;1 
l1Ftf 
! 1'1 ~ 7 
11 , •• ..,' 
II T' .. } 
111." 1/ 
1 t 110 oJ 
11'" ill: 
FINAL REPORT 
TABLE 06-42 
.5StU-0" 
,'lUZE-'" 
.loe6n: .. olo 
.'iun: .. olo 
.1611E""OS 
.tU1f-01 
.UltE-U 
.HUE"01 
.uter-OJ 
.uan""n 
.lZ2u .. a3 
.Ulq£-Dl 
,l&tH:-, .. 
• 'HlI1E-U 
.lun-Ill 
,H1U-gt 
.l~~'<;£·O 1 
.1o~i!U"~l 
.1o~lt .. t·G I 
, .. HU-el 
.Io~f."f -11 
.qo;_£_n 
.S!I '';''0 I 
.~lf~f_H 
.'S~~·£.~l 
.7HI.~r·Ol 
.t-;P£·~J 
.E~J~E-O"l 
.7_'1·~.1l 
.~IJF.~1 
.t " 'f·e ~ 
oI~·H"}c' 
.111l1f··H 
.1!1·r·~~ 
.1J~·f-P' 
,I-?~' -~.' 
.1 H 1- _;i 
,,0"~-~' 
.Z~=·E-a .. 
.t< .. ~r-~· 
,~,7'~_~' 
._,.,,,.~ . 
• l .... -f .. ~.' 
" .~ ,,-.1 
~1 .. ~~<'·H 
,I ','" • ~ 1 
0-232 
CNET suus 
.211lot:-00; 
.U'IU-D!5 
,1'lI'E-OIJ 
.lIUf-U 
.'lonE-OS 
.U6'JE-a~ 
.5 eI1U .. 05 
.&3&1£'" ! 
.1UU"05 
.t"6~f·C:1o 
.8711[-0'i 
,a"UE-I!" 
.1101t'E ... QI1> 
.1e~tE·h 
.1~1I2£·O" 
.II;Sl£-Olo 
.tlUI;-e .. 
.178][-010 
.11191£-010 
.171U-CIo 
.1'l'iIo["10 
.U67E-QIo 
.<'COilE-OIo 
.l .... 7[.~ .. 
.nOl[-tlo 
• HUE-Olo 
."nu.'c/o 
.1hIlZE·alo 
'''~''~f-a~ 
.,ll'J7E-OIo 
.17~H_C:1o 
031o?t£-OIo 
,]IoII'l[-l'1o 
.H1IoE-'~ 
.1016-~£·!h 
''',II;(-Cc .. 
• .. ~ .. ~ E' ~ 10 
.~H~E·.o .. 
.'.iHo1f-tlo 
.1.11~t .. C~ 
.""'l Ii-'" 
./o;~ '<H-O .. 
,~'''H''~" 
.1f<:~{-0", 
.le t 7f -Q' 
.1' H(·~l 
.Hl"f-!;1 
.111, [·1l 
.1 l~ff·n 
.1"- qr -~ ~ 
,-- .. ht -,11 
.o;J"J[-!l 
.r, .... T( -'II 
.1'''1(-1' 
.ltl.if -'l~ 
• '.',' ~ l· ~ • 
6.1'" 
fo.'!" 
J.~" 
1,610 
11,1" 
'.'51 
t.'''' 
';.;-"1 
'1,111 
'i,'" 
n.u 
H,JII 
lQ.~1 
10'''t 
11 ,21 
Ihltq 
U. 71t 
tl.~f 
H,i'7 
U.'iJ 
l"H 
n,,, 
I',,'" 
1 J."~ 
I !,7<, 
11.'110 
,~ .1' 
'Ir, .. , 
l"'''~ 
'1o.'H 
1" ."1 
I~ ,I ' 
H ,~~ 
t~.H 
17. ~C 
1"'" 
1-.' t 
1·,~·' 
1- ."I~ 
1'. > ~ 
,~ .';10 
I ~ ., ~ 
:, .11 
.7.'-' 
.iI.P 
oil.<:" 
H.U 
<1. , .. 
i!+ l' 
~ 10.1 c 
..... H 
S,'S" 
fo.lS 
E.4, 
".1115 
7.JIi 
1.110 
8.111 
hZ1 
'.Ii'S 
11.16 
't.n 
't./oS 
".~. 
't.~ .. 
tG.za 
to,105 &C.,. 
t!!.'1Z 
U.ll 
It.lol 
U.hl 
If ,II'S 
Il.U 
11.'" 
1".1011 
Sl,t'! 
t~.iO 
tJ.U 
!S.lO 
11."': 
11.110 
l t.4: 
fIo •• O 
110,10' 
, ... n 
''I,1!t 
1~.,·" 
t~ .~o; 
t~,"l 
" .. 1' 
t'. Ii 
l' ... ~ 
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1- t'iU6 
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u.,~ 
l'.n 
... '.H 
2'1o.J,~ 
Z" ... r 
z~ •• 10 
l ... 75 
2'Ji.5] 
,(.15 
26." 
lP.62 
lI.26, 
28.'16 
2'h9t 
J~.lIl' 
11.50, 
12./0" 
n.lI 
'''.C'f 
n.n 
11.110 
".76 
li.,: 
to? .t 
12.97 
11. "S 
, ... ft 
1~.lT 
1&. ;'5 
ll>.qf,. 
11.0;] 
1 .... 1'1 
11!. t" 
lQ. ~1 
lQ.~l 
'IJ .<'11 
C'G .1] 
21.23 
%1. It. 
l2 ... ' 
.21.11 
1l.:"~ 
l~ •• 
l.lo.11 
IDCEII53 
Dct*II974 
, 
, 
t 
~~!ACTIIIE IECItAIlICS DATA FOR 
21124-TI&I AIID 2124-TISI 
, 
, 
, 
, 
, 
, 
, 
11. " 
lto II 
U ... .. 
l~ ... ~ 
lh~l 
? it'" 
n.ll 
H.l~ 
1P.~' 
lI,H 
h.~· 
H,l1 
1., ;: 
.. ~ .. ~ 
.. ~. 1 .. 
'11., ~ 
~ ...... 
I ... "r 
110.11 
t'i.H 
11.H 
14.~~ 
Z; • .Jl 
:i.H 
21. ,,. 
l~.H 
tt.~: 
n.tJ' 
U.U 
11.2_ 
ShU 
lh:? 
.417 
,'I .. ! 
.'1~r; 
.hi' 
t.01<' 
h ~~~ 
i.tV 
I.n" 
1.lU 
10 H. 
1.117 
t ... " 
t .I\"-~ 
1.6,.; 
J.H~ 
I. 'It' 
:. ~~l 
;. "!7~ 
;",11'1 
.17~ 
,II. 
.1l11 
.J;" 
.n .. 
.1'17 
.55! 
.QI~ 
,IIIIIJ 
.1". 
.1&8 
.16C 
.1JIo 
1.3G5 
hG;S 
1.lD' 
1.16' 
loUt 
1.SU 
t.1U 
FINAL REPORT 
1':'S1'5 
to," 
t~l'5'i 
,":?", 1 
IIi"?? 
t··u 
HI~o;" 
I~U~ 
1".'11 
l~,n 
t:1t" 
lHIo~ 
t ~ "' .. 
Il ... r 
1 ~. '1" 
HA.l~ 
l'a.,J 
I ~'''I! 
Ut 3"' 
Itt ~ .. 
C"Clt~ , 
7 ;Z 
IIoJ z 
Vi) 
znl 
211~ 
u,., 
nJ" 
ll'lt; 
hIe 
21071 
n~t 
2H7 
lIf'j'J 
21J2 
211" 
Ufo] 
276t; 
2116 
2146 
ZUt 
:11.1 
2826 
2111111 
2f1.l1" 
06-43 (COM'T.) 
.UJ7E-U 
.UI$U-U 
.lrsr~·~l 
.2un"'1 
.11'~E·ll 
.31Zf(·U 
...... " ... " 
,U·U·H 
.1H'E-a 
.1~n£'''iIl 
.HIIIH··~l 
.nu£·et 
.J1(Io[-'a 
,I, l'lot-')1 
.7alo["U 
.'Inp[ .. 1t 
.1,1U£-01 
.It,n.3l 
,40107'E·I' 
.IoU":·" 
.11!II.U:·U 
.un,·n 
,UI_f_" 
.s nil-'ll 
.UIUaU 
.1HIIE .. n 
.!lHt-or 
.1'ilU·U 
.l""t-U 
.uur-u 
.J1UE .. O' 
.1UIo[ .. G? 
.ZMU-Dl 
.1lIlGE-fIl 
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.I.'~e-Ol 
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Appendix E 
ANALYSIS OF CYCLIC TEST DATA 
_Stu 
.,...IIM 
The following tables contain the results of an extensive analysis of the 
cyclic test data presented in Appendix O. This data was analyzed using both the 
Forman (Equation 4-3) and the Colliepriest (Equation 4-4) model for crack growth 
under cyclic loading conditions. The analysis empl~d a regress,ion/convergence 
technique in which the rate coefficients and exponents for each mod~l were deter-
mined using least squares techniques and the Kc and AKa values were optimized 
using iterative convergence routines. This technique is described in greater 
detail in Section 4.2.2. 
A number of conventions have been followed in the preparation of the tables 
contained in this Appendix. Failure to converge on a Kc or AKa value is donated 
by"FC". In addition, the results of each analysis are expressed in both 51 units 
and the equivalent English system of units. Because the Imits on the coefficient 
term for the Forman and Paris rate models (i.e •• C and C(P), respectively) are a 
function of the exponent term. the values of these parameters are reported in the 
appropriate data tables only as "51 UNITS" Dr "ENGLISH UNITS". For the Forman 
model, the coefficient term has units of 
(growth rate units) 
(stress intensity units)n-' 
For the Paris model, this term has units of 
(growth rate units) 
(stress intensity units)n 
When reported as 51 units. these parameters yield a growth rate with units of 
m/cycle provided stress intensity has units of MParm. When reported in Engltsh 
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un.its. these parameters yield a growth rate with units of inch/cycle. provided 
stress intensity has units of ksiifil. 
Since both models account for stress ratio effects, both analyses were con-
ducted first using data from only one stress ratio (R •• 05) and then using data 
from both stress ratios. Because of the large quantity of ,nfonnation contained 
in this appendix, the tabulated results are divided into the same sections as 
those used in Appendix D; na • 
Section Frequency Thickness 
!!!!!. .in. 
El 200 2024-T861 1.60 .063 
E2 200 2024-T86l 3.18 .125 
E3 200 2024-T861 6.35 .250 
E4 20 2024-T86l 21 24-T85l 6.35 .250 
E5 200 2124-T85l 6.35 .250 
E6 200 2124-T851 11.47 .450 
E-2 
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SECTION El. ANALYSIS OF FLAW GROWTH RATE DATA 
FOR 1.60 mm (.063 INCH) THICK 2024-T861 
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TABLE E1-1 OPTIMIZED FORUM RATE PARAMETERS 
FOR 1.60 I1Il1 (.063 inch) THICK 2024-T861 ALUMINUM 
(R = .05. f = 200 cpm. BUCKLING RESTRAINED) 
K C c 
ORIENTATION MPa m ksi in SI urms ENGLISH UNITS 
L 63.2 57.5 .8214 E-12 .2043 E-10 
T 44.2 40.2 .2142 E-l0 .5B81 E-9 
L 74.0 67.3 .1554 E-8 .4851 E-7 
T 57.6 52.4 .8477 E-lO .24i4 E-8 
L 81.8 74.4 .9367 E-8 .3066 E-6 
T 179.8 163.6 .2658 E-8 .8045 E-7 
L 99.9 90.9 .5407 E-8 .1702 E-6 
T * FC 
L 117.6 107.0 .5975 E-8 .1897 E-6 
T * FC 
STND. 
n DEV. 
5.870 .127 
4.825 .078 
3.461 .141 
4.43B .031 
2.958 .109 
3.788 .196 
3.262 .078 
* * 
3.284 .182 
* * 
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TEMPERATURE 
(OK) 
144 
294 (Af'iON) 
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450 
478 
TABLE EI-2 
OPTIMIZED COLLiEPRIEST RATE PARAMETERS FOR 1.60 mm (.063 INCH) THICK 2024-T861 ALUMINUM 
(.05 stress r~tio. 200 cpm frequency, buckling restrained) 
EQUATION (4-2L EQUATION 14-41 
AKa Kc 
ORIENTATION ft>av'iil ks i v'irI MPav'iil ks i v'irI 
C1 tip) SUrD. 
51 ur/lTs ErlGlISH UIIITS .l:z- 51 UNITS ENGliSH IJIIITS !ill2. DEV. 
L " " Fe " * " " 
T 12.4 11.2 43.9 39.9 .3950 E-5 .1555 E-3 3.609 .6483 E-13 .4365 E-11 5.695 .080 
l 7.8 7.1 79.5 72.3 .2295 E-5 .9034 E-4 4.238 .1829 E-l0 .1016 E-8 3.652 .130 
T • * FC " " * * 
L 8.6 7.9 86.2 78.5 .3270 E-5 .1287 E-3 3.669 .8576 E-1O .4561 £-8 3.190 .098 
T " * FC " " " * 
L 1.4 1.3 145.6 132.5 .4155 £-6 .1636 £-4 7.372 .8126 E-l0 .4323 £·8 3.195 .069 
T 8.1 7.3 102.0 92.8 .5302 E-5 .2087 £-3 4.337 .5493 £-10 .2985 £-8 3.420 .054 
L 3.9 3.5 166.8 i51.8 .2675 £-5 .1053 £-3 6.524 .3587 E-l0 .1958 E-8 3.468 .183 
T • • FC * • " • 
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TABLE El-3 OPTIMIZED FORMAN RATE PARAMETERS 
FOR 1.60 mm (.063 inch) THICK 2024-T861 ALUMINUM 
(R = .05. f = 200 cpm. BUCKLING UNRESTRAINED) 
C 
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422 
450 
478 
+ NO SPECIMENS TESTED 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
55.1 
76.7 
53.0 
67.5 
50.1 
65.6 
SO.l 
71.5 
85.9 
67.1 
* 
50.1 .4021 E-12 
69.8 .2894 £-9 
48.2 .4975 E-9 
61.4 .6670 E-9 
45.6 .6631 E-9 
59.71 .3787 E-7 
12.8 
65.0 
78.2 
61.0 
Nr 
.2416 E-7 
.1154 E-6 
.3206 E-8 
.1098 E-6 
FC 
.9647 E-11 
.8557 E-8 
.1489 E-7 
.2013 E-7 
.2005 E-7 
.1302 E-5 
.8124 E-6 
.4040 E-5 
.1013 E-6 
.3859 E-5 
* * 
6.255 .107 
4.038 .029 
3.910 .119 
3.818 .467 
3.802 .019 
2.441 .025 
2.671 .041 
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TABLE El-4 
OPTIMIZED COLLIEPRIEST RATE PARAMETERS FOR 1.60 ... (.063 INCH) THICK 2024-TBEl ALU'UNUI! 
i.05 stress rat;o. 200 cpm frequency. buckl;ng unrestra;ned) 
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EqgATlDN !4-2! E~ATlON (4-4) 
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• NO SPECIMENS TESTED 
6.2 
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12.3 
11.8 
10.0 
" 
" 
* 
• 
• 
• 
" 
* 
5.6 B5.3 77.6 
5.6 59.3 54.0 
• 
• 
11.2 66.0 60.1 
10.7 81.8 74.5 
9.1 73.1 66.5 
• 
" 
.1676 E-5 
.1497 E-5 
.3891 E-S 
.4978 E-5 
.4488 E-5 
FC AKO * * 
Fe AKo * • 
.6598 E-4 5.540 .3119 E-11 .1827 E-9 
.5892 E-4 4.868 .4824 E-II .2845 E-9 
Fe AKO * • 
Fe AKo • • 
.1532 E-3 2.580 .1297 E-9 .6822 E-8 
NT" 
.1960 E-3 3.053 .9964 E-I0 .5279 E-B 
.1767 E-3 2.807 .3965 E-9 .2038 E-7 
FC AKo • * 
Fe 'Ko • • 
• • 
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"'.., TABLE El-5 OPTIMIZED FOREMAN RATE PARAMETERS 1<1'" 'I .... ,.. l' ~~ ~ FOR 1.60 mm (.063 inch) THICK 2024-T861 ALUMINUM !!ii ,..'" ,.-
c (R = .05 & .50, f = 200 cpm, BUCKLING RESTRAINED) ='" h ..,n
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n ~! Q TEMPERATURE Kc C STND. » ~ 0 .., ~ (OK) ORIENTATION MPa m ksi i" SI UNITS ENGLISH UNITS -"- DEV. 0 ~ '" 
il ~ 144 L 61.2 55.7 .8357 E-l0 .2356 E-8 4.545 .227 
1 
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TABLE El-6 
OPTIMIZED COLLIEPRIEST RATE PARAMETERS FOR 1.60 mm (.063 INCH) THICK 2024-T861 ALUMINUM 
(.05 & .50 stress ratio. 200 cpm frequency. buckling restrained) 
~ " 
EOUATION (4-2l EQUATION (4-4) 
C
l 
CIPI STND. ~Ko Kc 
ORIENTATION MPav'iil Ksi vTii' MPav'iil ksiv'iil SI UNITS ENGLISH UNITS ..fz... SI UNITS ENGLISH UNITS !ill'l DEV. 
L 6.3 5.7 65.6 59.7 .1130 E-5 .4449 E-4 5.733 .4661 E-12 .2908 E-l0 4.885 .17(, 
T 9.7 8.8 42.8 38.9 .2779 E-5 .1094 E-3 2.366 .1840 E-9 .9787 E-8 3.193 .168 
L 5.1 4.6 79.2 72.1 .1023 E-5 .4026 E-4 4.457 .6064 E-10 .3242 E-8 3.245 .165 
T 5.7 5.2 48.0 43.7 .6442 E-6 .2536 E-4 3.812 .2939 E-10 .1619 E-8 3.567 .105 
L 4.8 4.4 110.1 100.2 .1957 E-5 .7704 E-4 4.191 .4480 E-7 .2270 E-7 2.657 .227 
T 7.7 7.0 76.5 69.6 .2957 E-5 .1164 E-3 3.088 .5405 E-9 .2744 E-7 2.696 .134 
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FRACTURE MECHAIlICS DATA FOR 
2024-TI61 AIID 2124-T151 
FINAL REPORT 
SECTION E2. ANALYSIS OF FLAW GROWTH RATE DATA 
FOR 3.18 mm (.125 INCH) THICK 2024-T861 
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TABLE E2-1 OPTIMIZED FORMAN RATE PARAI1ETERS 
FOR 3.18 mm (.125 inch) THICK 2024-T861 ALUM IlIUM 
(R = .05, f = 200 cpm, BUCKLING RESTRAINED) 
ORIE1ITATION 
L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
Kc 
MPa m ksi in 
60.0 
61.5 
41.9 
88.1 
133.8 
* 
* 
* 
* 
* 
54.6 
56.0 
38.1 
80.2 
121.8 
C 
SI urms ENGLISH UNITS 
.5756 E-11 .1503 E-S 
Fe 
.4234 E-l0 .1174 E-8 
.1767 E-11 .4475 E-10 
Fe 
.7581 E-8 .2396 E-6 
Fe 
.1189 E-7 .3743 E-6 
FC 
FC(Kcl 
n 
---
5.359 
* 
4.718 
5.680 
* 
3.331 
* 
3.374 
* 
* 
STND. 
DEV. 
.086 
* 
.096 
.086 
* 
.091 
* 
.070 
* 
* 
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TEMPERATURE 
(OK) 
144 
294 (ARGON) 
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TABLE E2-2 
OPTIMIZED COLLIEPRIEST RATE PARAMETERS FOR 3.18 mm (.125 INCH) THICK 2024-T861 ALUMINUM 
(.05 stress ratio. 200 cpm frequency. buckling restrained) 
FOliATION 14-21 EqUATION (4-4) 
AKa Kc 
ORIWTATlOfl MP.vIil ksiv'ii1 MPaViii ksiv'li1 
L 12.4 11.3 64.9 59.0 .1098 E-4 .4323 E-3 4.836 .3530 E-13 
.2411 E-11 
T * " 
Fe 
" 
• 
L 5.7 5.2 71.3 64.9 .1483 E-5 .5838 E-4 6.136 .6514 E-12 
.4058 E-I0 
T 6.7 6.1 46.8 42.6 .9004 E-6 .3545 E-4 5.832 .2742 E-13 
.1903 E-ll 
• • L FC(AKo) • • 
T 13.4 12.4 B9.9 81.8 .2088 E-4 .8220 E-3 3.369 .7294 E-I0 
.4010 £-8 
L 13.6 12.4 180.4 164.2 .3596 E-4 .1416 E-2 3.510 .9084 E-9 
.4619 E-7 
T 12.4 11.3 123.2 112.2 .3097 E-4 .1219 E-2 3.819 .1583 E-9 
.8525 E-8 
I. 1l.3 10.3 196.B 179.1 .3541 E-4 .1394 E-2 4.310 .3112 E-9 
.1629 E-7 
T 12.2 11.1 150.6 137.1 .3469 E-4 .1366 E-2 3.681 .5860 E-9 
.3040 E-7 
5.846 .081 
• " 
4.858 .093 
6.016 .085 
" " 
3.541 .073 
2.713 .046 
3.324 .055 
3.020 .031 
2.925 .069 
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TABLE E2-3 OPTIMIZED FORMAN RATE PARAMETERS 
FOR 3.18 rom (.125 inch) THICK 2024-T861 ALUMINUM 
(R = .05. f = 200 cpm, BUCKLING !'::RESTRAINED) 
Kc C 
ORIENTATION MPa m ksi i" SI UNITS ENGLISIi UNITS 
L 58.4 53.2 .9268 E-12 .2284 E-10 
T * FC(Kc) 
L * FC 
T 52.1 47.4 .1299 E-11 .3223 E-10 
L 66.0 60.0 .1950 E-5 .5622 E-8 
T 37.4 34.1 .4325 E-9 .1305 E-7 
L * FC 
T * FC 
L 133.0 121.0 .1945 E-7 .6280 E-6 
T 99.7 90.8 .4281 E-7 .1416 E-5 
L * FC 
T * FC 
STND. 
-"-
DEV. 
5.967 .049 
* * 
* * 
5.893 .174 
4.306 .075 
3.819 .049 
* * 
* * 
3.103 .112 
2.848 .103 
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TABLE £2-4 
OPTIMIZED COLLIEPRIEST RATE PARAMETERS FOR 3.18 mm (.125 INCH) THICK 2024-T861 ALUMINUM 
(.05 stress ratio. 200 cpm frequency. bucklin9 unrestrained) 
.... 
-III On 
5:!~ 
--.!to !~ 
;! 
... 
E!l!1ATlON (4-21 EI!'iATION (4-4) AKo Kc C1 pI STNIlo' ORIENTATION MPaViil ksivTi1 MPaViil !,siVTri" 51 UNITS ENGliSH UNITS ~ 51 UNITS ENGliSH UNITS ~ OEV. 
i 
.~ 
L 6.5 5.9 70.9 64.5 .2il94 E-5 .8245 E-4 7.419 .I1BO £-13 
.8331 £-12 6.199 
.044 
T 15.3 13.9 39.6 36.0 .1400 t--4 
.5513 E-3 3.889 .5963 £-16 
.5073 E-14 8.173 
.032 
L 7.6 6.9 96,4 87.7 .9938 £-5 
.3912 £-3 6.549 .3934 £-12 
.2520 £-10 5.165 .344 
T • • FC(AKo) • • • • 
l 0.55 0.50 82.9 75.4 .2892 £-7 .1139 £-5 8.412 .4868 £-10 , .2628 E-8 3.350 .034 
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T • • FC(°Ko) • • • * 
m 
"D 
l 12.4 11.3 92.2 83.9 .1459 E-4 
.5746 £-3 3.886 .1723 £-10 .9776 £-9 3.876 .012 
T 
* * FC(°Ko) - • • • 
* * 
0 
:II 
-f 
l 12.2 11.1 128.6 117.0 .2006 £-4 .7896 £-3 3.770 .1536 E-9 .8175 £-8 3.202 .102 
1 
! 
T 13.3 12.1 1020 92.9 .2157 £-4 .8492 E-3 3.163 .2970 £-9 .1567 £-7 3.104 .082 
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TABLE E2-5 OPTIMIZED FORMAN RATE PARAMETERS 
FOR 3.18 mm (.125 inch) THICK 2024-T861 ALUMINUM 
(R = .05 & .50. f = 200 cpm. BUCKLING RESTRAINED) 
Kc 
ORIENTATION MPa m ksi i" 
L 56.4 51.3 
T 
L 
T 
L 
T 
71.7 
48.3 
129.1 
102.0 
* 
65.3 
44.0 
117.5 
92.8 
C 
SI UNITS ENGLISH UNITS 
.1016 E-8 .3055 E-7 
FC(Kc) 
.3321 E-9 .9567 E-8 
.7854 E-l0 .2147 E-8 
.1589 E-6 .5424 E-5 
.4697 E-7 .1505 E-5 
-"-
3.856 
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4.868 
2.514 
2.956 
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TABLE E2-6 
OPTIMIZED CDLLIEPRIEST RATE PARAMETERS FOR 3.18 rom (.125 INCH) THICK 2024-T861 ALUMINUM 
(.05 & .50 stress ratio. 200 cpm frequency. buckling restrained) 
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EQUATION (4-2) EQUATlOH (4-4) 
C
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t t; 
t l 
"',;;; 
't'~, 
f ~ ~ L~·· ~: : ~. ., . 
f"·' ,;, ; , 
II 
i 144 ,. 
Ii 
• , 294 IARGON) 
I \TI I ~ ...... Ii 450 
c: 
i 
n 
II 
I 
I 
'C 
• 
= • .. 
L 5.1 5.2 61.2 55.7 
T • • 
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T 3.1 2.8 54.5 49.6 
L • * 
T • • 
.1290 E-5 .5080 E-4 5.116 .4172 E-11 .2467 E-9 
Fq'Ko) * • 
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FRACTURE IlECHANICS DATA FOR 
2024-TI51 AIID 2124-T151 
FINAL REPORT 
SECTION E3. ANALYSIS OF FLAW GROWTH RATE DATA 
FOR 6.35 mm (.250 INCH) THICK Z024-T861 
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TABLE E3-1 OPTIMIZED FORMAN RATE PARAMETERS 
FOR 6.35 mm (.250 inch) THICK 2024-T861 AlUMINUM 
(R = .05, f = 200 cpm) 
Kc C 
ORIENTATION MPa m ksi in SI UNITS ENGLISH UNITS 
L 52.2 47.5 .4946 E-16 .9022 E-15 
T 35.3 32.1 .3804 E-18 .5859 E-17 
L * 
FC(Kc) 
T 28.1 25.6 .1562 E-ll .4030 E-10 
L 28.5 25.9 .9966 E-8 .3432 E-6 
T * FC(Kc) 
L 158.7 144.4 .4776 E-8 .1479 E-6 
T 81.6 74.3 .1617 E-ll .4103 E-l0 
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T * FC 
L * FC 
T * FC 
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TABLE E3-2 
OPTIMIZED COlllEPRIEST RATE PARAMETERS FOR 6.35 ... (.250 INCH) THIC. 20Z4-T861 ALIJIINIJI 
{.05 stress ratio, 200 cpm frequency) 
EOUATlOfi (4-Z) EQUATION (4-4) 
I II I n ii 
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AKO . Kc C1 C(P) STNO. 
ORIEflTATlON MPav'iil ksiViil HPaVii1 ksiv'irl SI UfmS ENGLISH UNITS 4- SI UNITS ENGliSH UNITS !!!ll !!€L.. 
l * * FC 
T • • FC(AKo) 
L • • FC(AKo) 
T • * FC(AKo) 
L 0.09 D.llS 36.9 33.6 .4018 E-8 .1582 E-6 
T • • FC(AKo) 
L • * FC(Ke) 
T 8.5 7.7 111.0 101.1 .776Z E-5 .3056 E-3 
l 11.8 10.7 138.Z 125.8 .9703 E-4 .38Z0 E-Z 
T • • FC 
l • * FC(Kc) 
T * • FC 
* • 
• * 
* * 
• * 
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FRACTURE MECHANICS DATA FOR 
2024-TI6I AND 2124-TlSI 
FINAL REPORT 
SECTION E4. ANALYSIS OF FLAW GROWTH RATE DATA FOR 6.35 mm (.250 INCH) 
THICK 2024-T861 AND 2124-T851 (CYCLIC FREQUENCY: 20 CPM) 
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TABLE E4-1 OPTIM1 ZED FORMAt! RATE PARAMETERS 
FOR 6.35 mm (.250 inch) THICK 2024-T861 AND 2124-T851 ALUMINUM 
(R = .05, f = 20 cpm) 
K C STND. 
c 
ALLOY MPa m ksi in S1 ~tlITS EtlGLISH UrlITS n DEV. 
--
2024-T861 * Fe(Ke ) * * 
2124-T851 57.5 52.3 .3521 E-12 .8704 E-11 5.938 .661 
2024-T861 25.3 23.0 .6746 E-8 .2307 E-6 2.496 .036 
2124-T851 61.0 55.5 .9289 E-12 .2348 E-10 5.701 .485 
2024-T861 132.8 120.8 .1791 E-9 .4887 E-8 4.889 .025 
2124-T851 99.3 90.3 .8477 E-8 .2743 E-6 3.081 .036 
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TABLE E4-2 
OPTIMIZED COLLIEPRIEST RATE PARAMETERS FOR 6.35 rrm (.250 INCH) THICK 2024-TB61 AND 2124-T851 ALUMIIIUM 
(.05 stress ratio, 20 cpm frequency) 
M: K o r. 
HP.Vm ksiv'1n "".Vm kSiv'1n 
EQUATION (4-2) EQUATIOII (4-4) 
C
1 
t(P) ~TN!l. 
SI unITS EIIGLISH UlIITS ..iz- SI UlIITS ENGLISH ulms !lltl DEV. ~LOY 
2024-T861 • • FC .Ko • • • * 
2124-T851 • • FC .Ko • • * • 
2024-T861 7.7 7.0 25.3 23.0 .4453 E-6 .1753 E-4 2.259 .1993 E-l0 .1122 E-8 3.799 .037 
2124-T851 • • Fe .Ko • • • • 
2024-T861 4.0 3.6 201.6 183.5 .2046 E-4 .8056 E-3 9.914 .9227 E-12 .5B51 E-l0 5.056 .026 
2124-T851 7.4 6.8 116.B 106.3 .4119 E-5 .1621 E-3 4.723 .3777 E-l0 .2054 E-8 3.429 .035 
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FRACTURE MECHANICS DATA FOR 
2024-T861 AND 2124-T851 
FINAL REPORT 
SECTION E5. ANALYSIS OF FLAW GROWTH RATE DATA 
FOR 6.35 mm (.250 INCH) THICK 2124-T851 
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TABLE E5-1 OPTIMIZED FORMAtl RATE PARAMETERS 
.... 
.!..t~ g:c: 
FOR 6.35 I1I1l (.250 inch) THICK 2124-T851 ALUMINUr~ -'" .. '" z"" 0'" 
(R = .05, f = 200 cpm) 
",n 
-= 
"' .. 
.. z 1-~~ 
K C STND. 
~~ 
c 
.... 
ORIEtlTATIOlI MPa m ks i in SI UtilI.; ENGLI SH UNITS n DE
V. 
.. 
-n 
--
0 
'" 
L 103.1 93.8 .6724 E-11 .1833 E-9 4
.899 .634 
T 58.2 53.0 .4802 E-12 .1205 E-10 
5.774 .114 
L 95.3 86.7 .4152 E-O .1253E-7 3
.822 .111 ~ 
2 
T 53.2 48.4 .2643 E-10 .7421 E-9 
4.585 .316 ~ 
.-
L 99.6 90.7 .1015 E-7 .3330 E-6 
2.935 .066 ~ m 
." 
T 40.9 37.2 .9913 E-8 .3336 E-6 
2.666 .065 0 
~ 
L 203.4 185.1 .3636 E-8 .1145 E-6 
3.373 .036 -4 
T * FC * * 
L 108.5 98.7 .8441 E-8 .2734 E-6 
3.071 .019 
T * FC(Kc ) * * 
L * FC * * 
T * FC * * 
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TABLE E5-2 
~ OPTIMI?,O COLUEPRIEST RATE PARAMETERS FOR 6.35 !!Ill (.250 INCH) THICK 2124-T851 ALUMINUM ('j (.OS stress ratio, 200 cpm frequency) Q 
a 
~ 
~ 
III EQIJATIOII (4-2) EQUATION (4-4) 
I" TEMPLRATURE t.Ko Kc 1.1 
C(p) 
I" 
Q ( OK) ORWITATIOII MPaV;;;- ksiv'lil ItPaVii1 ksi v'fi1 SI UlIlTS EIlr.USH UNITS ~- SI mIlTs ENr.u SH urn TS 
a 
c: 144 L * * FC * * 
" I" * * FC (;.Ko) * ~ T * 
II 
• 
294 (ARGON) L 8.4 7.7 106.2 96.7 .2831 E-5 .1114 E-3 5.032 .3907 E-ll .2223 E-9 
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0 4tiO L * * FC(t·Ko) * * 
, ~ t/ ! r 10.2 9.2 87.0 79.1 .7137 E-5 .2810 E-3 4.054 .1967 E-I0 .1105 E-B ,. 
~ 478 L 16.0 14.6 290.4 264.3 .2454 E-4 .9660 E-3 3.551 .7799 E-9 .3B69 E-7 
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TABLE E5-3 OPTIMIZED FORMAN RATE PARPJljETERS 
FOR 6.35 mm (.250 inch) THICK 2124-TB51 ALUMINUM 
(R = .05 & .50, f = 200 cpm, BUCKLING RESTRAINED) 
Kc C 
ORIENTATION MPa m ksi in SI UNITS ENGLI SH UN ITS 
L 102.2 93.0 .7572 E-9 .22B6 E-7 
T 62.9 57.2 .25B3 E-10 .6957 E-9 
L 93.7 B5.3 .2790 E-B .8770 E-7 
T 66.B 60.B .2030 E-9 .5BB3 E-B 
L B5.2 77.5 .1067 E-7 .3535 E-6 
T 67.0 60.9 .2953 E-9 .846B E-8 
L 125.6 114.3 .9771 E-B .3154 E-6 
T 141.7 129.0 .4280 E-8 .1319 E-6 
STND. 
_n_ ~ 
3.816 .855 
5.026 .879 
3.3B9 .40B 
4.252 .536 
2.834 .150 
4.362 .409 
3.107 .047 
3.596 .102 
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OPTIMIZED COLLIEPRIEST RATE PARAMETERS FOR 6.35 lJIIl (.250 INCH) THICK 212<-T851 ALUMINUM !.tn 00'" ~'" t 
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I" 
II 
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0 
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(.05 & .50 stress ratio. 200 cpm frequency) 
EQUATION (4-2) 
"Ko Kc C1 
MPav.n ks iv'in MPav.n ks iv'in SI UNITS ENGLI SH UN ITS r -"'2-
1.04 .95 120.1 109.3 .3302 E-7 .1300 E-5 B.497 
• • FC(i,Ko ) • 
1.83 1.67 155.2 141.2 .2341 E-6 .9217 E-5 8.883 
8.6 7.8 77.7 70.7 .3772 E-5 .1485 E-3 5.000 
7.6 6.9 96.1 87.4 .2137 E-5 .8413 E-4 3.834 
• • FC(Kcl • 
9.0 8.2 100.6 91.5 .4025 E-5 .1585E-3 3.030 
9.0 8.2 114.9 104.5 .8421 E-5 .3315 E-3 3.591 
EQUATION (4-4) 
C(P) 
SI UNITS ENGLISH UNITS !!ill 
.5818 E-11 .3210 E-9 3.580 
• • 
.2886 E-11 .1657 E-9 4.002 
.1467E-11 .B857 E-I0 4.539 
.9947 E-I0 .5208 E-P 3.025 
• • 
.7612 E-9 .3799 E-7 2.516 
.4731 E-9 .2430 E-7 2.820 
STrlD. 
DEV. 
.330 
• 
.229 
.469 
.125 
• 
.186 
.218 
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FOR 11.47 mm (.450 INCH) THICK 2124-T851 
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TABLE E6-1 OPTIMIZED FORllAN RATE PARAMETERS 
FOR 11.43 mm (.450 inch) THICK 2124-T851 ALUMINUM 
(R = .05, f = 200 cpm) 
~ TEHPERATURE C ~ K 
Q 
c 
a (OKL....... ORIEtlTATIOU MPa m ksi in SI urllTS ENGLISH UNITS 
l 
l 
"' 
,. 144 L 83.5 76.0 .1604 E-12 .3946 E-11 ,. 
Q T * FC(Kcl a 
c: 
a 298 (ARGON) L 100.8 91.7 .4824 E-10 .1360 E-8 ,. 
• II 47.4 43.1 .1410 E-9 .4224 E-8 
• 
T 
II 
i ,." 298 (IIET) L 86.7 78.9 .1694 E-8 
.5276 E-7 
, 
w 
£ ... T 66.3 60.3 .2794 E-10 .
7695 E-9 
c: FC(Kc) 
:! 422 L * 
II 
II T * FC(Kc) 
II 
L- a 99.2 90.3 .8119 E-8 .2637 E-
6 
I 450 L 
~ . I !~ i- T 67.1 61.1 .3724 E-9 .1109 E-7 
« 
• 478 L * FC(Kc) III 
• 
• T 95.5 86.9 .3
113 E-8 .9781 E-7 
~ 
r p , 
I 
, 
_0 iAi. 
n 
--
5.992 
* 
4.542 
3.900 
3.489 
4.791 
* 
* 
3.040 
3.964 
* 
3.394 
l4 
STND. 
DEV. 
.084 
* 
.230 
.122 
.087 
.548 
* 
* 
.063 
.255 
* 
.059 
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TABLE E&-2 
OPTIMIZED COLLIEPRIEST RATE PARAMETERS FOR 11.43 mn (.4;;0 INCH) THICK 2124-T851 ,~LUMINUH 
(.05 stress ratio, 200 cpm fr~qu~ncy) 
EQUATiON (4-2) EIlJ!ATlON (4-4) 
,K
o 
o' C1 . c (p) 
ORIEfiTATIOIl MPav.;;- ksiv'iil I~Pav.;;- ksiv'iil 51 UlIJTS EllGLISH UllITS ~- SI UNITS ENGLISil UNITS 
L * * FC(bKo) * * 
T * * FC(·Ko) * " 
L * • FC(Kc ) * .. 
T 5.7 5.2 51.8 47.2 .3105 E·6 .1222 E-. 4.7n .1604 E-ll .Q.\48 E-1O 
L * * FC(Kc ) * * 
ti:{ i>~O) 
L * * fClLKO) * • 
T • * FC(.Ko) * • 
L 0.06 0.05 187.5 170.7 .8387 E-8 .3302 E-6 9.724 .4568 E-9 .2258 E-7 
T * * FC(°Ko) * * 
L 15.9 14.4 62.0 56.4 .4411 E-5 .1737 E-3 2.187 .7028 E-IO .3743 E-8 
T 14.2 12.9 99.8 90.9 .129B E-4 .5111 E-3 3.630 .1788 E-IO .9996 E-9 
STIID. 
!ill.!. !!f1..... 
* * 
* • 
• • 
4.277 .121 
* * 
* • 
* • 
2.414 .058 
* * 
3.207 .046 
3.720 .055 
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"''''' TABLE E6-3 OPTIMIZED FORMAN RATE PARAMETERS 2:0.» 
~~ 
FOR 11.43 mm (.450 inch) THICK 2124-T851 ALUMINUM ~ c: 1i!l:O 
»'" 
20" (R 0 .05 & .50, f = 200 cpm, BUCKLING RESTRAINED) • 0'" ",n 
_:z: 
"'» 
"'20 1-
~ .... n ~'" 
() ~g 
1:1 <, ::MPERATURE Kc C STND. 
.... 
C) » ..., 
~ ~oKi ORIENTATION MPa m ksi in SI UNITS ENGLI SH UN ITS n DEV. 0 ~ :0 
"' 
,. 144 L 78.9 71.8 .5441 E-9 . ~631 E-7 3.894 .589 ,. 
1:1 
C) T 51. 3 46.7 .4973 E-9 .1478 E-7 3.982 2.74 
c:: 
CI 298 (ARGON) L 112.2 102.1 .1380 E-9 .3926 E-8 4.445 .407 
" 
,. 
~ -
1/1 Z 
~ T 72.8 66.3 .5910 E-10 .1629 E-8 4.782 1.21 J> 
1/1 r-
~ ", I 298 (WET) L * FC(Kc ) * * :a w m C) Q) 
l 65.0 59.2 .7687 E-9 .2301 E-7 3.907 " ~ T .986 0 
c:: :a 
~ 450 L 102.7 93.5 .9112 E-8 .2959 E-6 3.044 .114 -I () 
1/1 
() T 98.1 89.3 .2379 E-8 .7260 E-7 3.701 .344 
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TABLE E6-4 
OPTIMIZED CDLLIEPRIEST RATE PARAMETERS FOR 11.43 mm (.450 INCH) THICK 2124-TB51 ALUMINUM 
(.05 & .50 stress ratio. 200 cpm fre1uency) 
EgUATlON (4-2) EgUATION (4-4) 
hKo Ke C1 c(p) 
ORIENTATION HPav'ii1 ksiv1i1 MPavrn ksiYN SI UNITS ENGLISH UNITS 
""£2- 51 UNITS ENGLISH UNITS 
L 2.2 2.0 107.4 97.8 .9730 E-7 .3B31 E-5 8.922 .3824 £-12 .2316 E-I0 
T • • FC(Kel • • 
L 4.4 4.0 145.9 132.8 .1663 E-5 .6551 E-4 7.662 .1140 E-ll .67B5 E-1O 
T • • fC{t.Ko } • • 
L 3.3 3.0 102.2 93.0 .6377 E-6 .2510 E-4 5.962 .2635 E-I0 .1439 E-B 
T 0.17 0.16 129.5 117.9 .1085 E-8 .4272 £-7 13.994 .1490 E-n .8744 E-I0 
l 4.5 4.1 109.2 99.4 .1318 E-5 .5189 £-4 4.407 .2632 E-9 .1343 £-7 
T • • FC(Ke ) • • 
. 
SIND. 
!!ill DEV, 
4.569 .193 
• • 
4.386 .208 
• • 
3.470 .135 
4.232 .563 
2.754 .179 
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Appendix F 
ALTERNATIVE CYCLIC DATA ANALYSIS TECHNIQUES 
IIIC El153 
October 1974 
No st~ndard technique has as yet been established to reduce raw specimen data 
(i.e., stress/crQ~k length/cycle measurements) to (da!dN, ~K) data or to analyze 
this data to establish the growth rate parameters associated with the Forman and 
Co11iepriest rate models, equations (4-3) and 4-4). As a result, several techniques 
were considered, as summarized in Figure F-1. 
Basically, two different approaches can be used to evaluate the growth rate 
parameters associated with these models. The more commonly used approach consists 
of two steps; first, approximations are used to establish thp. derivative of the 
(N,a) data; second, the desired rate equations are fit t~ this approximated data. 
As shown in Figure F-1, several techniques were considered for approxi~ating the 
first derivative. The first considered involved the use of a spline function to 
fit the (N,a) data; this function is essentially a continuous segmented smooth 
function whose segments are sets of cubic polynomials. Two types were considered; 
the first, known as an interpolating spline <unction, produces a curve that is con-
strained to pass through each data point. Such a curve would not be desirable for 
this application, since experimeDta1 error could introduce unrealistic inflection 
points for da/dN. The second type considered involved the use of least squares 
regression techniques to fit the sets of cubic polynomials. While this technique 
may have be(:I.· applicable, it was not investigated because it has only been developed 
relatively recently and the necessary computer software was not readily available. 
The second approximation technique considered involved a segmented least 
squares approach in which the range of the independent variable (i.e .• N) was broken 
up into three approximately equal intervals. The data in each of the first two 
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intervals (corresponding to low and midrange N values) was fit by a polynomial in 
a least squares manner with the second polynomial constrained so that the two 
polynomials would have point and slope continuity at the point between the first 
and second segments. A rational function (bNtc)/(Ntd) constrained to have point 
and slope continuity with the second polynomial at the point between the second 
and third segments then fit to the last segment in a least squares manner. A 
rational function was chosen for the third segment since the magnitude of the 
crack length values in this range seems to grow as though the desired curve were 
asymptotically approaching a vertical line. The curve fits using this approach 
showed too many points of inflection for this segmenting approach to be considered 
a good mathematical method. 
A third approximation technique was considered which involved finding a low 
order polynomial, p, which passed through the point (Ni,a i ) and was fit in a least 
squares manner to the points closest to it. The derivative at the point (Ni.a i ) 
was then computed as: 
da. 
_1 = p'(N.) dN i 1 
(F-l) 
For example, if the flaw growth rate was desired for the sixth point in a series 
of (N,a) measurements. a low order polynomial passing through the sixth point 
would be fit in a least squares manner to data points 4. 5. 7. 8 in the data set. 
The resulting polynomial would be differentiated and then evaluated for the value 
of (N) at the sixth data point. Although this technique has been used successively 
for data reduction (Reference F-l). it was not investigated further because other 
techniques seemed to be more promising. 
The fourth approximation technique considered involved LaGrange interpola-
tion. Calculating the derivative using the LaGrange polynomial of second or 
F-3 
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higher degree was considered but not pursued because of the sensitivity of the 
technique to experimental error. Due to economic restraints and time limitations, 
a first order approximation (i.e., a simple divided difference) was finally adopted, 
as described in Section 4.2.1. The data reduction results indicated that this 
technique probably gives an adequate approximation to the derivative. 
Once the first derivative of the (N,a) data was approximated, the resulting 
rate data had to be fit to the various rate models. Both linear and nonlinear 
techniques were investigated. The linear techniques involved the use of logarithmic 
transformations as described in Section 4.2.2; since the use of such transformations 
can introduce distortions into the analYSiS, both weighted and unweighted analyses 
were conducted. For this preliminary analysis, only the Forman rate model, equation 
(4-3), was investigated. As expressed in equation (4-9), the linearized form of 
this model is: 
[ da ln dN (F-2) 
The unweighted least squares fit of the data to the linearized Forman model 
yielded values for e and n which resulted in a fairly good fit. However, it was 
observed that large residual values appeared as the dependent transformed variable 
in equation (F-2) became large. This effect, shown in Figure F-2, results from 
the nature of the logarithmic transformation used to linearize equation (4-3). 
This equation has the form 
Y = eXn 
The residual can be expressed as: 
r, = ex~ - Y,'  , 
If logarithmic transformations Me used, the residual becomes: 
d i = (log e) + n log xi - 1 og Y i
F-4 
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COMPARISON OF WEIGHTED AND UNWEIGHTED LEAST SQUARES ANALYSES OF CYCLIC DATA 
(Data from Appendix D. Figure D5-3a) 
If L di
2 is minimized. the relative importance of the error for large values of 
Y is reduced. If Y has a small error ~Y. the error in log Y has an error roughly 
equivalent to ~Y/Y. Therefore. 
'\, r i 
di = Vi (F-5 ) 
Minimizing L di
2 is roughly equivalent to minimizing L (ri/yi)2. As a result. 
performing a least squares regression using logarithmic values unintentionally 
F-5 
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weights the error for small values of Y more than that for the larger value5. (It 
has been assumed that Xi contains no error; this not really true, since X = aK, 
and thus contains some experimental error because this term is a function of the 
crack length, a.) 
To weight all errors approximately equally, the quantity 
must be minimized. This was 
not satisfactory because the 
attempted with th,~ (N. ,a.) data but the resul ts were 
1 1 
weights Y~ varied over several orders of magnitude. 
This resu~ted in the larger data points completely dominating the remainder of the 
points in the fitting process. As shown in Figure F-2, the results were predictably 
poor for the range where the transformed variable, Vi' was very small although there 
was reasonable agreement with the curve for the unweighted fit when da/dN was large. 
An alternative weighting technique has bHQn suggested (Reference 7-2); it 
involves the use of a weighting factor equal to the inverse square root of the 
sum of the squares of the expected errors in log (da/dN) and log (AK). To 
employ this technique, an estimate of error would have to be made for every data 
point; such a procedure was considered too lengthy for the quantity of data 
generated under this program. 
Nonlinear techniques were also investigated in an attempt to evaluate the 
parameters associated with equation (4-3) directly, without resorting to 
logarithmic transformations. In this investigation the value of Kc was also 
varied using a bisection technique within the least squares program to minimize 
the sum of the squares of the residuals. The results of this p"ocedure are shown 
in Figure F-3. Unfortunately, the resulting fi t showed poor agreement with the 
data for the range where da/dN was small. R~asonab1e agreement was obtained for 
the larger da/dN values. 
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COMPARISON OF LINEAR AND NON-LINEAR LEAST SQUARES ANALYSES OF CYCLIC DATA 
(Data from Appendix D. Figure D5-3a) 
The two step data reduction/analysis methods described above all introduce 
unknown amounts of analytical error; each suffers from the following defects: 
o 
o 
the derivative. da/dN. is approximated and not directly measured. 
thus introducing analytical error; 
the error in the "independent" variable. log (lIK). is ignored when 
the rate equations are linearized; and 
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a the sum of the squares of the errors in the dependent variable 
(crack length) is not minimized. 
These difficulties would be overcome if the integrated form of the rate equations 
were fit directly to the empirical data. For example. the integrated form of 
equation (4-3) can be written as: 
where 
2(1-R)Kc 
'" = ---""---:: 
C(2-n)(llO;;)n 
-2 S = ---"'---
C(3-n) (,o,o;;)n-l 
m = n/2 = [1.5S(1-R)Kc + ",,o,olrr]/[S(l-R)Kc + ",,o,olrr] 
,0,0 = 0" -0. max ffil n 
y = constant of integration 
Once "'. S. y and m are determined. we can calculate: 
n = 2m 
C = _2/[3_n)s(,o,0;;)n-l] 
da/dN = am/[(l_m)", + (1.5-m)sla) 
(F-7) 
(F-8 ) 
(F-9 ) 
(F-10) 
(F-ll ) 
However. calculating Ct, 8. y, and m directly from the data (Ni.a i ) is a nontrivial 
problem. The quantity to be minimized is: 
2 g = E [ai-h(Ni ; "', B. Y. m)] (F-12) 
where h is the implicit function a = h(N) defined by equation (F-8). Unfortu-
nately this means that all coefficients "'. S. y, and m appear nonlinearly. 
Finding the values of the coefficients which minimize g requires solving the 
f~llowing system of nonlinear equations: 
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where 
ag/aa = 2~ai F i 
ag/aa = 2Ea i !ajFi 
m 
ag/ay = 2E a;F i 
ag/am = -2E[a+s!aj1[a i log ai]F i 
= 
= 
= 
= 
0 
0 (F-13) 
0 
0 
From equation (F-9) it is seen that m can be expressed explicitly in t.erms of 
a and a so that one equation of system (F-13) is redcndant. Nevertheless, 
solution of the "reduced" system still is a formidable problem. An attempt to 
numerically solve it for some hypothetical data values showed that unless the 
starting estimate for the solution was very good, convergence could not be 
achieved. 
The effort required to find a practical method for solving system (F-13) 
was beyond the scope of this study. 
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TO CONVERT FROM 
Fahrenheit 
inch 
inch 
kip 
kip 
kifl/inch2 (ksi) 
ksi Ifrl 
1bf 
1bf/inch2 (psi) 
psi I1n 
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CONVERSIOH FACTORS * 
TO 
kelvin 
centimeter 
mill imeter 
ki1onewton 
meganewton 
megapasca1 
MPa rm 
newton 
pascal 
Pa rm 
MIlC El153 
Oclabef 1974 
MULTIPLY BY 
TK = (5/9)(TF + 459.67) 
2.54 
2.54 x 10+1 
4.448221 
4.448221 x 103 
6.894757 
1.099003 
4.448221 
6.895757 x 103 
1 .099003 x 103 
* From: E. A. Mecht1y, "The International System of Units", NASA SP-7012, 1973. 
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